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EFFECT OF SECONDARY ‘STRESSES ( 


ULTIMATE STRENGTH 


I. PARCEL," M. _ AM. E, AND 


ELDRED B. JON. Am. Soc. 


An of the a action of members of a bridge truss to axial 


stress and secondary bending that arises from the ‘deflection of the truss in 
its own plane, is given in this ‘paper. The study is : devoted primarily to the 
question of the effect of secondary. stress ‘in reducing the ultimate: strength 


of "members, and, ‘therefore, particular attention is given to ‘the 
that occurs when t the outer fiber stresses approach the “yield 


made to 


determine ‘the: actual “behavior “compression rith thin 


closely the essential conditions for "most bridge members), the 
ultimate | ‘strength is practically ‘unaffected, even by high secondary stresses, 

if, in the case of ‘compression members, the relative wall thickness is main 
tained at the ratio ordinarily required by the leading standard specifications 


oe The problem ‘of seco ndary stresses hes ‘esate: a prominent place in the 


theory: of structures | since the 2 original investigations « of the 1 subject | by ‘Winkler, 
-Asimont, Engesser, | ‘and Manderla in the late Seventies. A correct and com- 


plete analysis was presented by Manderla in 1879.2 Throughout the half 
a a 


Norx.—Discussion on this paper will be closed in February, 1935, Proceedings. 
_+Prof. of Structural Eng., Univ. Minnesota, 2 ; Con 

(Sverdrup & Parcel), St. Louis, Mo. 
?Detailer-Insp., Sverdrup & Parcel, Louis, formerly, Research 
Structural Eng., Univ. of Minnesota, Minneapolis, Minn. 


_ §*Die Berechnung der Sekiindarspannung welche einfachen 
starrer Knotenverbindungen Aligemeine Ba seitung, iy? 
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indeterminate stress analysis” which at earlier period was rather wide- 


Be. little or no excess material 1 was required. 


‘4 
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following, the has been tien subject of many ‘researches, both 


extent this effort has successful. The of analysis is 
* now generally accepted by most authorities on the same footing as other phases" a 


statically indeterminate stress analysis, at and although the numerical ealeu- 
involved are tedious, various simplifications have rendered 


‘the 1 method quite workable for office design. 


stress 


true the ‘secondary stresses in 
and in part to a general distrust of the refinements of “statically 


However, the last two decades (1914 to 1934) have witnessed 
striking: change in, ‘bridge engineering practice. The pin truss is no longer 
the dor dominant type; all spans from the smallest to the largest are being built 
7 partly or fully riveted trusses, and the problem of secondary stresses has 
J 

become a leading question in structural design. Most specifications 
require such stresses to be computed for all sub- paneled trusses — for other 
cases in which there is reason to suspect that they ‘may be large. That for 


many riveted bridge trusses of the massive type the secondary "stresses are 


high is. well established, ‘theoretically and _ experimentally. In “many cases 
the unit stresses due to. will reach 60 to 100% o 


_ primary unit stresses, and i in certain extreme cases they may exceed these 


pea The present method of providing for secondary stresses in design is sub- 


to rather wide variations. Usually, a | considerably ‘increased unit it stress 


the member is proportioned by, 


in which, f= unit stress ; = = primary tension or Compression ; 
= “ber nding moment; = = distance from the neutral axis to 
the extreme ‘fiber and [= = moment of inertia, “More commonly, perhaps, 


a blanket allowance , applied alike to all members, i is “provided in the prescribed 

a number of monumental riveted bridges (notably the 


the > Sciotoville (continuous truss), and the 


While it ‘thus clear that the possible occurrence of high ‘secondary 


stresses has been widely recognize 


wa? 


required that these shall either — ‘for 


Ne 
abl 
— 
| 

G 
sti 
str 
evi 
— 
— 
ne 
W 
— 
— the 
— oth 
on 
| 
po 
— 8 

su 
sm 
dit 
— 
ondarv stresses to a o1n which 
ot 
SLALGATAS OL Practice wll du 
in the design or largely 


EFFECT OF SEO NDARY ‘UPON U 


LTIMATE STRENGTH 1253 ; 


‘eliminated ix in fabrication and. it not appear that any any consider- 


* attempt has been made ‘to evaluate the effect of secondary ‘stress upon — 


E- It is “clear that the action of combined primary and secondary stress is 
a different phenomenon from that. arising from direct stress and flexure 


ie to applied loads. This will be elaborated later in the paper; it may be 


here that (a) secondary: stresses are not required to maintain the 


Le joint displacements of the s struettates: which, in 1 turn, ‘are conditioned by he © 
distortion of the truss as a whole; and these ‘displacements have 


occurred, there is no further tendency for the stresses to increase. ‘This: 
clearly is quite a different condition from that which obtains in, say, an 
7 eccentrically loaded column in which | the deflection and moment, at high 
"stresses, increase much faster than the load. This peculiarity of secondary 
stress action has been noted.‘ Indeed, the opinion has been advanced’ that 
even a high percentage of secondary stress, resulting i in extreme fiber stresses 
beyond the proportional limit, will have little effect in reducing the ultimate 

; strength of the truss, since the increased fiber deformations occurring in the 
neighborhood of the yield point tend largely to relieve the ‘secondary stress. 

_ While this extreme view has not been generally accepted by the profession, 
-* subject i is believed to merit more attention than it has thus far received. 
; me It is a practically universal principle in structural design that all fiber 
stresses shall be kept well within the yield point of the material. ‘This, 
however, is is subject to certain ‘exceptions; for example, bearing stresses 
rivets and pins are generally permitted | to ‘Tun 50% in excess of the stresses 


_ the. main sections. If this specification is sound and if ‘the structure is 


designed consistently, it means that such local stresses may pass the yield 
Epson without endangering 1 the safety of the structure. ‘It is also common 7 

practice to p permit ‘unit stresses in the stiffening trusses of suspension bridges — 
greatly in excess of the stresses in the towers or in the cable, if comparable P 
material is used i n the latter. The logic of this practice is that the stiffen- 7 
ing truss is not a main carrying member and | that if loaded ee the yield -. 
‘Point, the bridge may still be in no danger of actual failure. iw avd 
: Tt is scarcely to be presumed that stresses beyond the yield point in either 
of these cases would | ever be regarded as. other th than undesirable, but since 
a condition would not produce structural collapse, it is that a 


~ smaller margin of safety is permissible than would be the case for the main 


nt 


somewhat similar argument might well be adv: anced in regard to 
Secondary ' stresses if it can be shown that, under t the normal range of con-- 


ditions, ‘such stresses” do not actually reduce the ultimate carrying ‘power 


are. See, for example, “Theorie und Berechnungen der Eisernen Briicken”, von F. Bleich, — 
pr: discussion Godfrey, M. Am. Soc. C. Transactions, Am. 
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- tions, Am. Soc. C. E., Vol. 95 L 
Steel Column Research, 7 ransdac i of secondary stresses will be found Modern 
A clear statement of the limitations ir 
Framed Structyres”. by Johnson. Brvan a 
— 
aa 
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of the members. Tt ms may ‘still be ‘as undesirable te to have : any con- 
siderable portion of the section stressed beyond the yield point, but it may 
be permissible to tolerate much higher limits for such stresses if this in 


no way endangers” the safety of the structure. ~The remainder of the paper 


is devoted to a consideration, in some detail, of the relation of secondary 


General—Secondary stresses, as considered in this eee, arise from 

_ displacement of the joints in the plane « of the truss when the latter is ‘sub- 

jected to external loads. if the members are connected by perfectly ‘smooth 
are non-continuous at all joints) no ‘secondary stresses. can 


to so as to a rigid joint, dune. will be, in 

some degree of ‘restraint at the ends of each ‘member, and corresponding 
bending moments wil, be developed. The secondary end moments in any 


(2 6, — 3 
in “which, 6 represents displacements of the joints: referre 
& their original positions, aa Rk ={ — }, the angular displacement of the line, 


each in radians. if Tm and ty represent the angles between the end 


tangents: ‘and the line, m-n, at m and n, respectively, the equation for the 


ord Man = - 


which i is the for m originally proposed 
Oh may be well to call attention here to two - basic characteristi es of 


condar re a ion: 


(a) Even when the secondary unit stress is a Sieh percentage of the 


= ria The quantities, and _R, in Equation (@) are from the 
ii 


near displacements, A, aa de ten joints, and for all cases of any practical 
importance tk they are directly dependent upon the axial» distortions of the 


_ various: truss. members and, therefore, are linear functions of the loads. — 

The influence of secondary bending upon othe. ultimate of 


_ members Sigg importantly upon the type of stress acting on the member 
considered ‘separately in the ‘following: 


i 
ae 


Ln aus dem Gebiete der Technische Mechanik”, von O. Mohr, 1906, 
Pp. 499 et seq; see, also, “Statically Indeterminate Stresses”, by. John I. Parcel and 
George A. Maney, Members, Am. Soc. C. E., Chapter VII. 
7 See ~Modern Framed Structures” by Johnson, Bryan, and Turneaure, Pt. a 
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‘Tension “Members.—In Fig. 1 is shown a tension member, ‘m- -n, acted 


upon at the ends by the moments, Mn and Un. At any point, 2, ‘distant 


the left end, the moment is_ (considering clockwise moments positive), 


ae 


site 


alues of Stress in Kips Sq 


= 
‘A 


For the particular | case in which t he end ‘moments ar are equal, and 1 oppositely 


- 


Vali 


fo) 


idl 


aves is clear that the maximum fiber stress occurs at the end i the member 


where » the larger moment | is = seplied, and (if this is s the m- -end) is “equal to, 


When the "yield point is reached and a large plastic flow takes 

formula becomes quite inapplicable. The general tendency of the re- 

adjustment i is toward an equalization of the tensile and ec ‘compressive fiber 

respectively, such that a given maximum extreme fiber stress cor- 

= to a larger resisting moment. 


Assume that Equation (3) is valid, then, a 
the: proportional limit, the | behavior _of the member is practically the 


‘kh the case, while extreme stress is by the stress- 
re- a total resisting equal to must be developed 


ice that are invariably proportional to the Toads (as long as — 


- Temains within the proportional limit), and since a given angular displace- 


4 
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| Since the relgii the assumption of linear 

| 

(i = @m; = 6: or to secondary pending. hen the region or 

— 

| — 


a ‘bending moment when the stresses in 


outer fibers” approach the yield point, it is clear that within this region 


the secondary ‘moments increase ‘more slowly than the loads. Some elabora- 
tion of this point may be desirable. 


Fig. 2(a) a typical stress deformation curve for mild ‘steel. P ‘Point A 
4 marks the limit of proportionality ; Point B, the yield. point; Segment B- C, 

_ the ‘Tegion of marked plastic flow; and Point D, the ultimate strength. — Of 
 eourse, ‘Point A cannot be fixed accurately since. there is no clearly defined 

limit of linear’ elasticity; slight deviations will frequently be observed at 

< fairly low ‘stress. However, it is not usual to find variations from proportion- — 

ality of any considerable ‘magnitude until the stress reaches the ‘neighborhood 
of the yield point, as indicated in Fig. 2(a). For purposes of approximate 
calculation, a conventionalized stress-strain diagram, as shown in Fig. 2(b), 
is sometimes used.® graph shows, roughly,, that when the ‘stress reaches" 

yield- -point value at Point B’, no further increase in stress can occur 
a deformation « equivalent to the length, BC, has taken place. This 
a deformation may be as much as ten to fifteen ‘times th the » length, P’ 2 BY, the 
value corresponding to linear elasticity. 
It is evident from the foregoing adlutiuen “that in the case of a beam in 


a. flexure, if plane sections are assumed to remain plane, the eater Se: can- 
“not be stressed beyond the yield p point until the fiber’ stress, Over the 

i a greater part of the depth of the section has reached this stress limit. Re 

fering to Fig. 38, a beam of eross- section, is assumed to 


x 


a 


Toaded so that the outer fiber QP, is just up to the yield point value 
a "4 (Line O’ P’ i in Fig. 2(b)). ‘If the load is further increased, the. stress curve 
takes the form of Area OPQT in Fig. 3. % ‘It is particularly to be noted that. 
the contribution to the beam deflection of a vertical slice of thickness, dz, 
7 at Section POR, in ‘the two cases will be i in the proportion of PQ’ to PQ, 
ee while the moments will have the proportion of PQTO to PQO. It is clear 
from this illustration that when the outer fibers reach the yield point, a wide 


of beam deflection is possible without any. appreciable increase in the 


= - §8“—xcentrische beanspruchte Siulen”, von A. Ostenfeld, Mitteilungen No. $, Lab. 
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ean increase no more than the axial loads, it will be impossible even 
Berto high secondary stresses for the. extreme fiber stress to exceed the yield- a 
ats value without the distortion increasing far beyond any value reason- 


ably to be » expected in a truss in service. A ‘simple example may be taken 
ted will be assumed that a truss member, m-n, of symmetrical cross- 


section, is st subjected at the end, to an average axial tensile stress 
. f=— ,anda secondary stress = fp = —™, in which, Mn is the larger 


the ‘secondary end moments. Then, _the 1 maximum m in n the ‘member 


be at ‘the end, on the side of the tensile flexural stress and will 


given by (6). =) 


— 
= 


& 


| 


= Al Work i ew 


rage 


Beal ’ 


4- 


Neutral Axis after Shift } mes 


4 
The stress graph is ‘indicated by Carve ABOD in Fig. 


assumed as a particular 

15000. Ib per sq in.; and. ‘that "the ‘yield- point stress, fyy is 35 


sq in. The maximum fiber stress, AB, is then at the limit beyond 


Ho 
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“Page 


30 000 Ib sq in. Tf the linear relation of stress” to strain. ‘was to 

old, fo would become 1.5 x 15000 = 22500; the total maximum > ‘extre 
fiber stress would be 52 500; and the stress graph would be the curve, EFGH, 
as shown in Fig. 4. On “the other hand, assuming a, yield-point stress of 
8 000, lb per sq in., it is clear that ‘this value cannot be exceeded until the 
_ extreme tensile fiber has suffered a stretch of approximately ten times that 
_ corresponding to 35 000° 000 lb per sq in. It is obviously impossible, in a section 


* of ordinary depth, for any such extreme deformation to take place unless 
the entire - section is stressed to the yield point. Therefore, a redistribution 
fe stress must be expected \ on the tensile side similar to that shown in Fig. 3. 
Again, it is noted that, as s long | as the e average axial stresses are below the 

point, the tangential deflection angles (+ of Equation (3)) are strictly 
_ proportional to the primary unit stresses. In this case (for the small angles 


involved in the elastic deflections of steel structures), the angle, should 


be increased in the ‘proportion of = The actual stress eraph as 

modified by the redistribution is the curve, 4 JK, as indicated in 
Fig. 4(b). Even if a much h higher ratio of & is assumed, the m modified s stress: 

graph is quite jas ‘approaches the yield point still “closer, the 


secondary stress becomes negligibly small as indicated i in Fi ig. 5(a), the : neutral 


axis shifting toward the side of compressive flexural stress. 
ca. The preceding discussion is based upon the ‘conventionalized stress- -strain 
of ‘Tf the: more “correct: of are 


_ it may | ay be concluded from this analysis that the redistribution of stress 


As stress (which is. maximum at ‘the end) ‘the 
_ proportional limit, and the material begins to flow, a much smaller moment 
z corresponds t to a given rotation. Since it is the latter w which increases in 
to ‘the primary when the strain reaches the plastic Tange, 


ture ‘Gand the region of over strain) is confined to a short at each 
end (pandg, Fig. 

i" There» is precedent for ignoring over-stress of this type when strictly 

localized. Mention has been made of higher unit stresses allowed in bearing 
on rivets” and pins “Introduction”). It may ‘also be noted that “most 


riveted connections are” productive considerable local over- stress. 
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Reference may also be made— to the fact that t the presence of a hole in ve 
a plate, otherwise uniformly stressed, results i in a heavy stress concentration 7 
at the edge of the hole. If the diameter of the hole is so small that the 
width of the plate may be assumed infinite in comparison, analysis shows 
; Wt that the stress at the edge of the hole is three times the average. For normal | 
ratios of diameter to widths, tests: have shown s stresses 2.3 times ‘the average. 


‘However, the re- e-adjustment that occurs when. the highly stressed region 


‘Teaches ‘the yield point, practically nullifies effect on the ultimate 


c 


strength. The two stress graphs are shown in Fig. 4. Below the bee 


Timit ‘relatively high local stress concentrations must occur in all plates 
~ composing riveted members; ; but, for reasons just stated, these are properly 


Elastic Line after Yield“ na 
ig 


Moment 


le 5 


effective strength as a bridge member, “this value i is ‘limited to. an were 


stress, equal to the yield point of the material. e preceding discussion 

“tends to to show that this ‘effective strength ‘is unchanged by degree of 

secondary bending that may be expected in a well-designed structure. 


= wld Compression Members. —It is well known that flexure combined with com- 
"pression produces a different behavior ina _member from that which « occurs 


the bending where i in the former case it increases it; ‘the moment. represented 
oe by the axial stress times the deflection adds to the normal flexural moment, ~ 
 / and in in moderately flexible members at high stresses the total moment builds © 


up rapidly. When ‘the more highly stressed fibers pass the e proportional | limit, 
and the deflection begins to increase faster than the eens the member pro- 


of the compressive chords (and frequently other compression “mem- 4 
ae in a bridge truss are of a stocky type which, even when subjected to oe a 


_ Reference may be made to “Drang and Zwang’’. von A. and L. Fiéppl, pp. 303-305, 
i 4 - for presentation of the theory (originally due to Kirsch) : see, also. “Applied Elasticity”, oa i 
by Timoshenko and Lessells, p. and “Theorie und Berechnungen der Eisernen Briicken” 
von F. Bleich, pp. 249-252, 
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bending stresses of ‘from: 80 100% « of ae axial relatively 

= cae deflections from a straight line. The ultimate strength of such mem- 


bers i is reached when the : average stress over the s section . reaches, or r approaches, 


Pye. In considering ‘the strength « of compression members under primary and 
secondary he secondary be either of the 
secondary stresses, the secon ary end moments | may e either of the same or 
= opposite When the moments | are of the same sign and of nearly 


near the center is ‘and the deflections are so that in ordinary 


ease buckling action for the member as a whole (giving rise: to an — failure) 


is negligible. When ‘the moments oppositely the 


member bent in single curvature, ‘the maximum deflection occurs near 
the center, and the buckling ‘tendency 1 may ay be considerable. 
Compression Member Bent i in Single simplicity con- 

sider’ the case in _which the moments are equal in magnitude. One 


analysis’ of the effect of secondary. bending on the strength of. a 


the case of avi 


virtual eccentricity = — at each end.” ee this 
eter 


method it is found that a considerable reduction in column strength results” 


from the secondary bending. For example, 10% secondary stress ‘reduces the 


a of a a short column about 28%, assuming the limit to be determined 


“maximum fiber stress, he ‘A column ‘with: a ‘slenderness ratio, 


i 
—_ 75, however, is reduced 35%, , due to the added buckling sdinny from 


the end moments. 


ails 


é 
= be 30 


200 


ae ‘This theory is open to serious criticism as applied to ‘italy that develop 
"any considerable curvature of the central line before failure, because, in such 


“Modern by Johnson, Bryan, “Purneauxe, Pt. Ba; 
opp. 57-59. 
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cases, the e effect of the moment, S y, is such as to cause » the angle, <,to increase 
- more rapidly than the loading. ‘This effect is ignored in the common (as dis- a 
z tinguished from the exact) theory of secondary stresses. — 


Moment diagrams for two successive loading stages are 
8(b) and 8(¢). It is clear. that: = _Area abedl d (2), that these 
a ‘ratios, due to the effect of the moment, Sy, Y, cannot b be ix in _ the proportion of 
. A more thorough analysis presented elsewhere" shows that if 
a= = +, anda = percentage of secondary stress, 


ARY UPON ULTIMATE STRENGTH 1961 


= 


“> 


This remarkably simple form admits of a ready comparison with the case in 


¥ ees 


from which is derived the ordinary ‘ ‘secant” formula for columns: hea : 


Ls 


will will b be found that, since ——— increases much slowly than sec ¢, 


effect of ‘secondary bending on the buckling of a column is relatively -muc 
_ less than for end moments that increase in direct proportion to the load (a 


eer 
3 


a 


; a would be the case for eccentric loading). Since a = 2% in the first case, and - 
— in the latter case, if the taken for these terms | 


‘a (say, a = 25% and f = 36 000) the curves” for ‘Equations (9) | and (10) 2 


be as shown in 1 Fig. 9. 


i i This a1 analysis is not strictly correct in that, while it seeks to make the 

-. tangential angle, and not the end moment, proportional to the loa load, it assumes _ 
= correctness of Equation (3). The correct relation, however, 


‘A... Am. Soc. C. E., Vol. 95 (1931), 
“Modern. Framed Structures”, Johnson, ‘Bryan, Pt. II, 812. 
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in a and b are con nverging infinite series in al ‘Thus, 


= 


A rigorous analysis of the is is pie but the resulting equations 
“al exceedingly involved and are not readily applied. - Their interest is largely 
academic, s since a a glance : at the graph of the approximate equation in Fig. 9 


wills thet, for all values of less" than 70, the effect of secondary ‘stress. 


on — action, , measured in this case by the ratio, - 


less than 50, it is This holds true regardless 
he value of a (herein assumed as equal to 25 per ¢ Baier hee wo further facts 


e to be noted: 


2 


he 


“a: secondary stresses nearly occur in members 


n §-curve. The lower section of the end post in sub-paneled trusses, 

- or trusses with a collision strut, is practically the only exception to this rule. 
(2) From a consideration of the properties of bridge trusses and the man- 
omer in which secondary ‘stresses arise, it is” virtually impossible for a high | 


secondary stress ‘to be developed i ina 4 member bent in single curvature which, 
a at the same time, is slender enough to develop any considerable buckling 


_ action. The exceptions” to this rule are too. few to be of importance in 


ordinary design. With aa ‘percentage of secondary stress of 35, or less, the 


dotted curve on ‘Fig. 9 shows that, as far as, buckling is concerned, sine: 


with values of — ranging from 50 to 80, 0, have practica 


similar pin-ended columns with = 
Compression Members Bent in Double Curvature. | hen the. 


“y end moments are in the same direction, the | bar will be b bent t into a an S-curve 


” for which the moment hamertaguehe is as — in Fig. 10. (Mit i is is again assumed for 
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7 The deflections in this case will be much smaller than for bending in single a 
i curvature, and the points of maximum deflection will fall outside the quarter- 


> points. Obviously, | in ‘such a case, the effect of ‘secondary bending on the oe 


- buckling action n of the column as a whole is distinctly favorable since it 
forces 1 the -member to bend in double curvature, and the added bending 


moment due to axial stress is : practically negligible. < The high flexural stresses 
are near the ends of the member, and, in general, the effect of the secondary 
7 stresses on ultimate strength i is the same as for tension | members previously 


discussed ; that is, a high extreme fiber : stress oc occurs over a limited region, 
- and in the neighborhood of the yield point the re- -adjustment of stress due to 


op 
plastic flow reduces the effect to negligible proportions before ‘the | average 


Local | Buckling in Thin- “Walled “Compression Members. —Most bridge 


3] wgiae of the massive type for which the » seeondary stresses reach high | per- 


eentages will have relatively stocky chord inembers Ls —< = 40 Built “up mem- 


~ bers of such proportions show little or no transverse deflection until the aver- 


a age unit stress passes the proportional limit, and ‘their ultimate strength - is” 
ordinarily from 80 of the yield- “point of the material. 


any considerable part of section is ‘stressed to the yield point 
(although the average stress may be considerably less). i, More often than not 


the failure occurs curs through | the local buckling of of the comparatively 


wide, thin plates that make up the section. 


| Consider ‘the top chord of a bridge of the conventional box type of section. 


1 : sq in. and the , maximum permissible primary unit stress s to be be 17 000 lb per sqi in, - 
The : secondary stress will be assumed as 100% of the primary. Under maxi- 

- mum working loads, then, the material on the most stressed die: is — 
approximately to the yield point. If the bridge should be subjected to a 50% 
over- -load, and the secondary n moments are taken as propertional to the angular 
changes | (that is, if Equation (3) were still to hold), the extreme fiber stress 
fF would be 51 000 Ib per sq in., although the average would be « only one- -half — a 


"this value. It has already been shown that beyond the proportional limit 


important re- of stress and strain takes s place, resulting in a large 
percentage: decrease in the actual secondary stress. the less, the 


q 


% 
is. member is assumed to be bent so as to throw the upper | side into compression, A 
entire cover-plate and a portion of ‘the top angles and (amounting 


perhaps to 25% of the entire section) | will be stressed to the neighborhood a 


oft the yield point. It would appear reasonable to suppose that the cover- plate, 
i: nsidered as an independent piece, would be on the verge of buckling as soon 
. j or the yield point is reached, and since the high secondary bending causes this 
state of stress to be reached much sooner than is pertinent to 
_ ask whether this yan hasten failure and thus reduce the ultimate strength 
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Vor 


_ The analysis of the buckling of plates due to loads in their own plane is 
_ now well developed. The theory was initiated | by Professor G. H. Bryan“ 
_ many years ago; it has been further developed and its. applications (particu 
larly to structural extended by Professor ‘Timoshenko 
2 in his classic memoir on elastic stability. F urther important contributions to 
. the subject have been made by Professor H. -Reissner,” the late Hans H. 
Rode," M. Am. Soc. C. E., and H. M. Westergaard,” M. Am. Soe. C.E 
(lager The most comprehensive analysis of the buckling of plates” as parts of 
a bridge members that b has yet appeared, so far as the writers know, h has been 
6 presented by Professor F. Bleich.” _ Professor Bleich attempts to include in 
his analysis the effects of partial restraint at the edges of the plate and also 


to extend the results into the ‘ “plastic” Tange. 


Some results” of these may be summarized briefly. of 

4a, width, b, and thickness, is considered to be loaded in the direc- 
tion of a a, with a uniformly distributed compression, P P= ‘ t b, and estrained 
against 1 not angular) displacement along the to 


‘lite rE (/(t\ ay 

‘ thity 


Pa! 


which, = Poisson’ s ratio (usually 0.25 to 0.3 for steel). 
variable factor, a function of the stress, 


the value of for stresses beyond the proportional limit. condi- 
tions assumed in Equation (13), he 


tere! 


For = 1, this to Bryan’s s formula. 


From Equation ( (13), for a fixed ratio of. —-, te’ will vary with the quantity 


wey 


in the sq square hheneinati and will be a maximum for a = b, giving, — 

0.8, Equation (15) gives 67 900 Ib per. a in., and 43 400 Ib per 


the edges are e fully fixed, the foregoing buckling loads are practically 
ae doubled._ ¥ Undoubtedly, the true condition is intermediate ‘between these | ex- 


‘Vol. 3, p. 496 et Slt od bite in. ar 

16 “Uber die Knicksicherkeit ebener Bleche”, der Bauverwaltung, 

Gs task ‘Beitrag mur Theorie der Der Eisendau, 1916, p. 281 et seg. 

ae Duckling of Elastic Structures”, ‘Transactions, sm. “Soe: LXXxv_ 
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tend to show that for proportions of a 
q ression chord, buckling of the cover- “plate will not take place within the a 


elastic limit of the material. Beyond this point, of atin the formula does 7 


after a lengthy analys sis, obtains for fo (in tons pad square vente), 


Fo fp = 36 600 lb per and, fp = 32 800 
{ in. _ Again, it be noted that values are for tl the case of no 
E beyond the propor- 


limit j is attended with much ‘difficulty Equation (16) cannot be 


regarded as more t than roughly approximate, and is scarcely applicable in the 


_ In applying the bucklin ng formulas to the secondary stress problem, con- 
‘sideration must be given to eg important difference between a plate with 
¥ freely supported edges, loaded in its plane, and, say, a cover- -plate of a chord 
member under combined primary and secondary stress. the former case, 
when the stress. “reaches, or closely approaches, that: corresponding te the 


~ point, B, on the | stress- strain curve of Fig. 2, any further increase will result 
in distortions many times as great as those previously sustained. : Such h dis 


tortion has the effect “of grossly exaggerating any slight imperfection | in 
material or manufacture, and since no plate i is perfectly straight or homogene- _— 

aa relatively large transverse deflections are developed which lead to immedi- or 


- In the case of a cover- plate. subjected to combined primary and secondary — 
8 ess causing ‘the extreme fiber to reach the yield- -point value, it is equally 
true that any material increase in the stress will probably : result in a buckling oa a 
failure, As has been shown, however, this i increase cannot take place as Jong 
; as th the average . stress on the section is well below the yield point, since it must — 


by a large plastic flow, and, due to the restraint of the 


"maintained under i increasing load, while the deformation (which i in this region ~ ae 
of large plastic flow may vary Ww widely with almost no change in the stress) ae 


is reached cover-plate, practically constant state of stress, is 


Tequired to produce the “necessary secondary displacements. 
As long as the : average primary stresses: are within the roportional limit, these 


| 
7. 
— 
lease 
4 
a 
a 
4 
— 
4 1 a 
&g 
<j 
Jd 
— 
1 4 3 
| 
i practically the entire area is stressed to the yield-point region. It appears _ es a oe 
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ENGTH 


Beeps displacements will increase no o faster than the applied loads. 
other words, the free flow (accompanying a stress reaching the yield point) 
which would take place i in an independent plate, is restrained to comparatively 
small limits by the action of the neighboring “material in the case e of axial 
and secondary bending, and this, it may be expected, will have a large 


in reducing the buckling tendency in the cover- -plate. 


‘ia Wi When the average stress over the section passes the proportional limit, the 
8 -cover- -plate distortion begins to increase rapidly, and somewhere between this 
et the yield point of the column as a whole, local buckling of the cover may 


stresses is applied, ‘it it is course, that law a 
elasticity applies and that the effect of bending due to Sy. y is ‘negligible. 
_ When, therefore, as discussed previously, an average primary stress” of 26 000 
Tb per sq in., ,and a seaondary stress equal to 100% of the primary, are ‘com- 
puted for any member, what really happens is that the member is distorted 
at the end so that the > tangential ¢ angle is such as would correspond to 26 000 
lb per sq i in. flexural extreme fiber stress, assuming E to be constant and the 
effect of axial | stress on bending negligibly small. If the stress-strain diagram 


of Fig. 2(a), is examined, however, it will be noted after the limit of strict 
_ proportionality is passed (that is, when EF becomes | variable and a function of 


nm 


| 


the load), that there is a considerable deviation from linearity before the 


“region of free plastic flow is reached. The actual deformation at Point B 
- (the beginning of marked plastic flow) will ordinarily be equivalent to that 
which would be produced by , a stress of 40000 to 50000 Ib per sq in., if the 
“material followed the linear stress- strain law. In other words, the variation 


in E, before the actual yield point is , reached , is. sufficient to take care of a 
‘ poitaialt extreme fiber stress due to combined primary and secondary effects 
a considerably greater than the yield point of t the material, and probably equal 


* 
to ) any value to be found in well-designed trusses, even of the heaviest and most 
The possible effect of stresses beyond the elastic limit upon local hesklinn, 


especially of the cover- plates in the standard type chord Sections, is the one 
“| point wpon which the deductions from rational analysis are rather indecisive, 


vile 


_ and, if,the preceding analysis is sound, the only manner in which there is. 
‘any reason to suspect that the ultimate strength of a compression member 


may be affected appreciably by secondary stress. - These facts seemed to justify 
an experimental study of phenomena of in a built” compression 


- member of the box type subjected toa high percentage of secondary stress, 
with particular emphasis on the behavior of the cover-plate in the ‘Tegion of 
high: local _‘Stress, In the following section, an account is presented | of a 
group of laboratory ‘tests undertaken to throw” some on 


particular phase of the secondary stress problem. 


Pee Model ‘Simulation of Conditions. —The experimental study consisted of the 


testing of four columns of symmetrical section of standard types, § giving in all 
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Column No was made up in the: shop of 
Experimental Engineering Laboratory, University of Minnesota, ‘Minneapolis, 

Minn., and the remaining sections were fabricated in the Minneapolis Plant —— 
of the American ‘Bridge Company. All specimens were of relatively small 


WN 


cross- -section as the testing machine available was not of ‘sufficient capacity 
ies Because of the difficulty of simulating the partial fixity of the ends of a 
member in a riveted truss, introducing as it would the problem of ‘controlling 
and Measuring the induced rotations, all specimens were tested with hinged 


ends. Such a member is closely analogous to the top chord member in a pin 


ER... 


connected sub- “paneled truss with the members continuous over the sub- tant 
points: (see Fig. A truss of this type, while nominally classed as pin- 
> ‘connected, may show high ‘secondary stresses at such places as Point, E. ‘How- 
ever, it. should be emphasized again, the object of the experiments" was to. 
- study the behavior of built | compression members under high local stress due 
combined | primary and secondary action. long as the essential features 
Be a such action are maintained, it is immaterial for the purposes of the test : 
Nth: or not all details correspond to those ‘which. obtain in ‘the case of a1 an 
actual truss. member under high secondary stress. 


aa It is true, of course, that ordinarily the highest percentages of eoisnialbiey : 
Vs stress occur in trusses with fully riveted chords. In Fig. 11, Joint E’ will _ 
deflect about the same amount regardless” of the ‘ona conditions of Member 
If the end joints are fully riveted, the added ‘stiffness of of the member 
due to the partial restraints at Points D and F will cause (for r approximately — 
constant: center deflection) considerably. higher ‘secondary stress at Point 
than) would be the case for pin connections. As long as the fundamental 
characteristics of secondary, stress behavior “are “preserved, _ however, high 
stresses, artificially produced, will have the same local effect on a ‘member of 7 


given cross-section as if these same stresses brought about by exact 


simulation of all the details of riveted truss action. remark Spplies 


also. to the method of loading which was followed in the test. | 
=_— 


a ts Again referring to Fig. 11, it will be noted that if Member EEF re 


" moved, there will be no secondary stress at Point EF, since this latter i ‘is caused 


the displacement of Point relative to Line DF. This’ displacement 
tends to be transmitted to Point E, through Member EE’ (the blank strut), 


2 beam, ‘DEF, with a transverse load at t Point E, with this ‘exception: 
The deflection of Point (and, therefore, Point is strictly limited 


Pty 


by the relative displacement arising from axial distortions, and which may be 
computed analytically or by means of a Williot diagram. . Quite contrary to 


the case of a free transverse load ‘at Point , when ‘the displacements have 


a reached the prescribed + value, Point F is ‘rigidly held in position, no further — 
deflection being possible. i is the unique characteristic of secondary stress 
action. Clearly, it can be simulated accurately in the case of a column 


applying axial loads, together with a certain deflection. in 
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such case, one wishes to study the behavior of member at a given stage of 
ec combined primary and secondary stress, it is immaterial whether (a) a given 


_ primary stress is applied, and then the desired deflection i is induced; (b) the © 


and then the direct stress” is applied; (c), 


the two are developed simultaneously. 


] The second ‘method was followed in 
columns tested were made to 
conform to the foregoing condition by 
being subjected to a constant _bendin 


ng 
deflection and “consequent ry 


stress as the axial stress was increased, 
This combination gave -maximum 


Ligh 


- effects due to combined secondary and 

7 primary stresses at the center line, 
with primary stresses only acting a at 
_ the ends. In order to realize this con-— 


- dition the columns tested were placed | 


inside a rectangular frame of rigid 
| beam sides with thin flexible ends. 
The bending deflection of the 
was then m aintained at a constant 
value by the use of a toggle extending 
about the sides. of the frame. 
flexible end plates were sufficient to 
transfer the transverse thrust, but not 
stiff enough to cause appreciable 


moment on the end of the member or 
to interfere with the axial loading of 


column by testing machine. 


ast 
In this manner ‘combination of 


stresses was 3 maintained i in the cover- 


plate of the column ‘analogous to the 
combined primary “and secondary 


stresses at the stay” connection of 
Member DEF in Fig. 11. . The actual 


Fra. 2.—SnrT-Up oF EXPERIMENTS ON amount of the ‘secondary stress was 


thus dependent upon the transverse 


Selita given the specimen and was varied somewhat f for different s sections, — 
depending upon their properties. "Reference to the general ‘photograph of the 


_ set-up (Fig. 12), ‘and to the detail drawing of Column No. 2 (Fig. 13), will” 
“al 


gy Dimensions and ‘Properties—Column No. Table 1, was similar 
a to the standard top chord section of a8 bridge, consisting of plates and angles 
with a top cover and open bottom (see Fig. 14).” — Because of the limited | 


4 


ra 


4+ 2 'The proportions follow closely the top chord of the typical truss given in **Mode 
Framed Structures”, by Johnson, Bryan, and Turneaure, ‘Pt. 
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capacity: of the testing m the ‘difficulty of providing the necessary 
_ transverse bending force in the toggle, the model was made one-fifth the area - 


~ PLAN OF FRAME . 


Py 


— 


—-— 


Symmetrical about 


7-in. Channel @98 Ib ‘She Pin 


Studs 


DE ELEVATION OF SPECIMEN AND FRAME 


1G. 


.—DETAILS AND OF COLUMN NO. 2. Ts 


gid: 

“of the ‘chord 3 member referred to, as closely as "commercial material would 

diameter of the rivets was 0.17 in., the rivet drilled. 


The rivet ‘spacing in the is same as the cov 


| | bie = = 
—~ 
— 


between 


b, 
- center lines of rivet 
rows, ininches 


@ 


L, 


Area, A, 
Lengt 


ber, |} 


es 

L 

r 
cover- 


uare inc 


f inertia, I 


in inches * 


in inch 
spacing, p, 


at center line 


8q 


es 


in inches 


in 


a 


Rivet 


h 
eS 


hi 
kness, t, of 


axis to extreme fi 
plates, in inches 


oment o 
Distance, c, from neutral 


-ininches 


7 
Thic 


Distance, 


The 


pert No. is was the same as os for Test 4, except ‘that it was shorter. 


___ xrxge 


ELEVATION 
Symmetrical about 
Center Line 


Plate 


— Measured Length= = 40.31 in. —— 


(a) COLUMN NO.1, TEST2.. 
tal ‘Fie. 14.—DETAIL 


— | 


2 


Oo 


— 
— iz | 33 
| 3.91] 86.3) 53.5] 3.04 | 2.45 (38:3 % | % 
— 2 {2 2| 3.75 | 3.18 0.2 | 48 | 0.24) 2% 
— | 91.2| 3.69 | 3.13 | 41.0| | | 
— 6" Plate Grooved for Pin 
— 
— 
— 


| EFFEC 


plate ‘was provided; otherwise, the details at the c center line 
- were the same in both cases. sien Nos. 2, 3, and 4 were of slightly dif- - 


a (Closed). Because of the eee the section, two tests could be n made 
— from each specimen. They were fabricated in the standard manner using” 


punched holes and -in., hot- driven r rivets, while Column No. 1 had small cold- 


4 


mayt, 
= Symmetrical about Center Line - 


| driven: rivets in drilled h holes. 4 The ends of the members were milled to pro- 


vide full bearing. _ The properties and detail drawings of the various column 
~ sections are shee 4 in Figs. 13 to 16. Column No. 4 was ‘thet same as Column 


No. 3 i except for the bars in 4 


Cover Plates - Fillet 


~ Test Prosédure:2"The axis of the member was set as nearly vertical in the 


- testing machine as s could ha oot with a a hair wire and weight. The pins were 
placed at the cer closely as this could be. ‘measured and 


on 


were eylindrical heads in the other plan ne to fit to any 


"angularity the column: ends and the testing machine. 


drawing: of Column No. 2 (Fig. 18) will make the test set- -up clear, 
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initial in all cases was Ib and the increments of 
axial loading were equivalent. to 2.500 lb per sq in. on the section for the 
first test, and 5000 lb per sq in. for the second test, on each specimen. . Strain 
readings v were taken at all increments of loading and, in many cases, Ic loadings 
were ‘repeated | ‘several times to establish the behavior of the member more 
= definitely. § Strains were obtained on Column No. 1 by the Whittemore strain 
gauge, and on Columns Nos. 2, 3, and 4 by both -Huggenberger tensometers 
and the Whittemore gauge. Consistent deformations were obtained to 0.00001 — 


in. per in. , or r equivalent stresses. of approximately 300 Ib per sq in., with the 


apparatus. Gauge lines on Column No. 1 1 consisted of five 
> 


-10- in. lines on the compressive face, and six 10-in. lines on the tensile face 


= “an laced symmetrically _ about the center line. e. Gauge lines on Columns 1 Nos. 
2, and 4 consisted of one in. line and four 1-in. lines on each 
uggenburger 2 
hs 
2 


GAUGE LINES 
COLUMNS 2,3, & 4 
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the nominal. “secondary. stress remained “constant throughout the 
‘lange of primary loadings below the material yield point, it was necessary to 
measure the deflection value accurately. This was accomplished by means of 


an optical micrometer in the case of Column No. 1 and an electrical ‘contact 
8 7 


micrometer for Columns Nos. 2, 8, and 4, measuring the ‘deflection 
; a5 4 between a a hair wire and a point 0 on the specimen center line in ‘the. web. Tt 


ie must be _ ‘that ‘the actual column deflection was not measured in any 
ofl 
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case, as the hair wire was not fastened to the x point of rotation of the octhime: 
ends, but to some point or on the deflecting structure. This had no effect: on the 
problem because it was only necessary to have a relative value that could be 
measured and maintained. The deflection was not used directly for stress 
£ calculations, but was kept at a constant relative value in order to give a cer- 
tain n nominal secondary stress. In the case of Columns Nos. 2, 8 and 4, the -,s 
2 was fastened to the one-tenth ‘points: on the specimen. This fastening 
the actual deflection values were read, while i in . the case of Column No. 1 the 1s Ke 
wire) was fastened to the one-tenth- -points on the specimen. This fastening 
- necessitated a calculation of the elastic curve of the column | so that an approxi-- 
“mate value of the relative deflection between the one-tenth points the 
center would be available. elastic curve was calculated carefully, and 
4 it was noted that little change occurred in the deflection values for a large 
range of axial loadings. equation for the elastic curve based on a con- 
stant center deflection and variable axial loading takes the following form: — 


4 q » . 


Tt was decided to use a secon ndary | stress of supctenteny 13 3000 lb per sq in. 


for Column No. 1, Test 


"> 


t use ‘failure to develop ‘the ultimate 

of the columns was reached, i in all later tests a value of 20000 Ib per sq. in. 


3 was used in an attempt to produce a more marked local effect. "Using ¢ approxi- = 
“mately a secondary stress of 20.000 Ib per sq. in. , the required deflection of the 


column was calculated and ‘this value used as a basis for the approximate 


Measurement in the tests. Table 2 gives calculated ‘Sefiggtions and lateral 


loads corresponding to required secondary stress values. (The action of the 


~ column under lateral | load was that of a simple beam prior to the a 
‘Larerat Loaps “AND ror AssUME 


Column No. 


No. Lateral load, Displacement, ‘Stress, f’,in pounds 
— P,in pounds A, in inches ‘per square inch 


0.0900 
0.2556 20000 
0.2556 20000 


| 
| 
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x re During the testing ‘operations: the deflection was checked and corrected 
ie? necessary at each increment of axial loading, and when the axial stress ply Vs 
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od reached a value sufficient to 


*; ma intain the deflection, the stability of the columns was assured by stressing 


=< venting sudden — - failure. in the direction Le 


deflection. This additional toggle 


also used in adjusting the “deflection after ‘the 
bending resistance of the column had been reduced 
due to plastic flow and the original transverse 


force would have caused more than the required 2 


Center 


Center Line 


Before testing, the “specimen was painted with | 
a dilute solution of plaster of Paris and water to by 


make strain lines visible. These are clearly 
The strain Hines were recorded 


end a egarenpa is shown in in Fig 18, with ‘Table \ 
8. Determination of ‘the transverse force neces- - 
sary y to maintain the “required deflection 

accomplished | by ‘strain ain measurements on the 

“toggle bars» and subsequent calculation of 

force transmitted. d. As an indication of 

duction ‘in moment and consequent reduction in 

the transverse force, P, as the material in the PLATE 


and stress re- -adjustment, took place, the measured P- values are given in Table 


TABLE 3. OBSERVATIONS | OF Lives, Tests 3 AND 4 


Strain Line No. bias Load, 
‘A (see Fig. 18): _Pounds 


| _E 
L as 


* Lines at Loads 1 and 2 for face not shown in Fig. 18. 
t Innumerable lines appeared at load. 


‘ 


the purpose of this paper, it was ot considered desirable to reproduce 

all the test data in detail. _ Tables 5 and 6 | present the data from Column No. 
Re £ Test 2, and Column No. 2, Test 3, , showing deformations in millionths of 


inch inch various | axial loadings. These’ data are presented as 
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MNS AFTER TESTIN 
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19.—V. 
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VALUES OF LATERAL Loan, P 


_Loapine Rops Inca Roump; Sray-Rops IncH Rounp, 


A=0.60 Inch) + 0.30 Square 


_Deformar | | Stress, Deforma-— Stress, f’, 

tion, in tion,in in pounds 

a millionths ‘millicaths pes uare 

per ine 


1000* | 564 
54 500* | 551 
108 000* | 538 

161 500* | 493 

250% | 497 
ooo*+ | 495 


Column isin deflected position. | 
Readings discontinued at this point. 


‘The ultimate loads for Tests 2 and 3 167 800 Ib ‘and 381 800 


lie ‘corresponding to a stress of 42 800 Ib per sq in.’ ‘and 357 00 lb per 
i in. In Column — No. 1 (see Table 5), failure occurred first in the web, 
an. the base, after which the cover- “plate buckled. . .. A set of 80 millionths of 
an in. per in, shown on the tension side, which indicates ‘that 1 this 


"TABLE 5.- —OBsERVED DEFORMATIONS, ‘Cotumn No. (Trst 2), IN 


= = Lengthening (Tension) 


Reapinas at Gavox Loves (Sun Fro. mM: 


—579) +874) +831) +701} +67 
—941| +392) +557) +424! 
—1 276—1 285 +85) +239, +120 
1 —1 814—1 721} —98 +55) —75 
2 6 —2 784.—2 662} —325) —321 
53 3 713\—3 693|—-3 —672 


14 4 13 
4 


¢ Column is in deflected position. _ 


Properties of the Column Material. —The modulus" of the 


material: was determined from the load-strain relations of the column under 


axial loadings « only, and “checked in several ca cases by similar ¢ tests on coupons 
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TABLE 6.—Osservep Derormations, Cotumn No. 2 (Test 3), MiniiontHs 
et! OF AN Avon Pe PER Ivcu, FOR Various Axi Loapines 


Reapines at Gavas Lines (See Fie. 17 (6)): 


os 3 | A | | 8 i 


—923| “—863 +568 84527 +595) +650 +563, 8 | —868 | —920| +545 | +622 

003, —958\—1 002 +458) +443) +-502 +543) +468, 

i—1 104\—1 076\—1 122 +374 +359 +408) +446 +383 

750° —1 241\—1 170—1 275 2 

500*—1 436\—1 272;\—1 267 +171 +200 +204/+243/+210 2 

188 250° C88 —1-316\—1 232 + 11+ 99+ 60+ 93+ 2 

215 — —2 557\—-1 520,—1 745 \—109 + 15— 3 2 


* Column i in deflected position. 

cut from the column itself. _ Table 7 gives the moduli fo for e ‘column, 
 @eteeminned by the tests on the columns themselves. ‘These values were used 


TABLE OF Exasnicrry, w per Square Incu, 


Instruments used stress,in pounds | elasticity 


No. 


Whittemore......... 10 000 .0 108 
Huggenberger....... 29.0 X 10° 


: As it was necessary to conduct a part of the test with some of the 


material “stressed beyond the elastic limit, the “characteristic stress- 
- Strain curves for the material were obtained in ile that an estimate of the — 


stress increase after passing the elastic limit could be made. piece 
material from ‘the same rolling was used to “determine the relations for if 


Ph No. 1 Fig. 20, Curve Columns Nos. 2, 3, and 4, a 
4 ‘coupon was cut from the of Column No. 2 (see Fig. 20, Curves’ 
Band C). modulus of elasticity is is seen to check closely that determined 
7 from the columns. ‘Iti is noted that the curve is nearly horizontal beyond the pro- — 
portional limit even though the deformation was several times” that of the 
yield-point stress. On this basis. the stress carried by any material beyond 
it the. yield point wun sevenned to be a constant and of intensity ¢ equal to the 

er An inspection of ‘Fig. 20° that the increase in strese atter the pro a 
ns 
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_ the stress ‘nearly constant is approximately 3 500 lb per sq in. for Column No. 1 | 

from 2 500 to 3 000 per sq in. for the -Temaining columns. ~The pro- 

- portional limit for the material of Column No. 1 was taken to be 39 000 Ib per 

sq in., | which gave a value of (42 ‘500 ‘Ib per sq in. for maximum stress, a close 


Stress in Kips per Square Inch 


3 


o 


—STRESS- CURVES FOR MATERIAL IN TEST COLUMNS. 


“check on the ultimate of the column. Similarly, the 
limit of the materials of Columns Nos. 2 to 4, inclusive, wa was s found to be g- 
500 lb per sq in, with a maximum value o: of “approximately 35 000 Ib per 
sq in., 14) which i is a check on the ultimate of the 


are average values over a 10-in. gauge length. (The ce <n “al 

1-in. gauge lengths. ) _ When the column is deflected under transverse moments ; 
these deformations do not represent the maximum strains, , inasmuch as the - 
strains d due to bending vary "from a 1 maximum at mid- ‘length to zero at the end 


of the column. This results in an - appreciable change in the resultant unit 


deformation the gauge length of the instrument when long gauge 


lengths are used. An approximation to the difference between the maximum 


4 3 and the average ‘reading may be estimated on the basis of the moment change. 
7 > 4 Since the moment is nearly proportional to the distance f from the end of the 
+ column (concentrated load), the moment diagram approximates a triangle 


and the deformation decrease is ‘proportional to the average decrease in 


th from the end. In this ‘ease (ZL = 128.2 in. for Columns Nos. 2, 3. 


and 4), the percentage of change equals 3. 
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ince the deformation from bending was approximately one-half the total, 


the error involved in neglecting this factor was approximately 2 per ‘cent. 

As this value is approximately the probable | error in reading, loading, and 

sectional area, it has been neglected in the | curves and stress calculations. | 


8.— Srresses From STRAINS IN ‘TABLE 


- 


an 


Mriuionras SrRessns, m Kips per Squarn 


= 


Cover-plate Bottom angles | __Cover-plate | Bottom angles 


— | +686 
97 


|. 


000 


- Tables 8 and 9 give ‘the stresses for the two. tests as determined from the 

strains given it in ‘Tables 5 and 6 and the ‘moduli of elasticity ‘given in Table 1. 
After the | proportional limit has been passed these “stresses are. incorrect, 
7 the values are only given to show the nominal stresses that would occur 


‘TABLE 9.— AND Srresses FROM STRAINS IN TABLE 6 


~ 


Pow! 
=. 


be 
Load, 8, 
pounds 
With 
column 
4 in de- 


h 


Gauge Lines A and D 


Gauge Line3 ee 
inch 


ps per 


ki 


, in kips per 


ips per 


Strain, in millionths 
in 
i 
ch 
Strein, in 
of an inch per inch, 


flected 


f, ink 


_f, in kips per 


f an inch per inch, 


Gauge LineS 


x 


Stress, 


Strain, in millionths 
square inch 
Strein, in muillionths | 

of an inch per inc 
Stress, f, in kips per 
Strain, in 
of an inch per inch, os 
Gauge Lines E and H 


of an inch per inc 

square inch ~ 


square in 


Stress, 


Stress. 


31) 0 


& © | square 


© | squere inc 


ve 


ID 

ONS 
OR 


CON 


ag 


).2 
— 4.78 —244 


AA 


in the plate - were Hooke’s law still operative. ‘The actual values after the 


elastic limit has been passed, have been discussed previously. Hate 92 


‘Re- “Adjustment ir in Stress- train plotting the 1 measured 
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.. a fixed line, a graph of stress distribution across the section was “obtained. 


ey After the proportional limit is passed on the « compressive side this g graph i is 
longer a straight line, and, finally, the part of f the curve: beyond the 
material: yield point becomes asymptotic to the line re representing the ultimate 
strength of the column. The gauge lines” used in determining the 
stresses plotted are given on the graphs shown, so that by reference to Fig. 17, _ 
the s section referred to > will be readily identified. Fig. 21 contains is examples 


= 


CoverPlatte 


e Inch 


indicated 
Neutral Axes 


| 
Centroidal Axis 


42 800|Pounds per Squar 


2 
2 
E 
= 


Stress in Kips per Square Inch Stress: in Kips | per Sc Square Inc! Inch 


Fic, —STRESS DISTRIBUTION ‘(AVERAGE ReADINGS), Coun PLATES AND Borrom ANGL 


of these curves for the data of Tables 8 and 9. It should be emphasized 


again that the cu curves presented “nearly identical with those of 


in Fig. 21(a), ‘curve for the 140 000- oad has. been shaded the 


purpose of ‘illustrating the re- »-adjustment more clearly. This curve shows a 

- stress: on the tensile face of 22000 Ib per sq in. in compression, and if the 
- straight portion were extended, would ‘give a stress of approximately 57 000 Ib 
Der. sq. in. on ithe compressive face. Since the point. was 


is evident that such a high stress cannot occur and that a 


curvature of graph. ‘The the straight was. made 
parallel, in all cases, to the last curve on which the end points: were ‘within: 


the elastic limit. The shaded area represents the bending stress over the 
_ section, while the heavy dashed line (which intersects s the curve » at the indi- 
b cated neutral axis) shows the axial stress. Fig. 21(a) shows this section 


to be almost completely under the action of axial stress at failing load. :. le 


__ Cover- Plate Stiffeners.— —The views of Column No. 3, in Figs. 19(e) and 
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_ had a cover-plate relatively thinner than permitted by standard specifica- 
tions. ) The significance of this action will be discussed later. It will suffice 
here to note that it seemed worth while to investigate the feasibility of the 
of a simple stiffening device to the plate. This was 


the case of Column No. 4 which (see Fig. 16) isa a oo of Column No. 3 


“necessary support : against ‘displacement normal to its and thus, 
effect, to eut down the width. it was felt that ifs a simple device could 


one, "this would be a desirable result regardless of the fact that in 


ie 


of the dimensions used tis tite study, it 
‘ would be be reasonable to expect that a high | degree of f integrity | of ‘section would 

be maintained under an intensity of stress “corresponding to ordinary work- 

7 


ing values. On Column No. 1, however, a noticeable slip was "observed 


between t the web and the flange. |The: deformation difference amounted to 


approximately (80% of the bending strain. — _ For the p late and channel sec- 
tions used in Columns Nos. 2, 3, and 4, no direct measurement of the slip. 
® made as in ‘Column No. 1 . However, since the stress: -deflection values 7 
checked rather closely, it was ‘concluded | that no appreciable e slip had occurred. 
Fig. 19 shows. strain lines occurring on both flanges of the specimen and 
the web joining the two flanges. Since the nominal ‘secondary. 


due: to bending was approximately 20 000 Ib per sq in., , such strain lines could 


not have occurred on the tensile side, under elastic conditions, ‘watil ‘die 


average axial loading had reached 52 000 Ib per sq in. (the yield point being 


, approximately 32 000 Ib per sq in. ye As the ultimate axial load was approxi- A 
mately 35 000 Ib per sq in., it is evident that the secondary bending was 


‘Telieved by the plastic condition on the compressive face, which permitted 


y a given angular change to take place with a much lower extreme fiber stress. 
le This angular change, in turn, reduced the tensile flexural stress, with the 
in result that the stresses due to ‘the axial load of 35000 Ib per sq in. “were 
he : sufficient to cause appreciable yield. ‘That | a complete re-adjustment resulting - 
i in a nearly uniform distribution over the a was the final state of stress, 


B evident from an examination « of the strain lines on the tensile cover-_ 
plate, which, while nominally holding a stress of 15) 000 Ib per sq in. , passed i is 


| the elastic limit despite the fact that ‘the: ultimate axial stress was. 
: only a li little eee = e value of the elastic lim 


follow a welding schedule and to reduce heating effects. The object in ‘4 
- view was to test the effectiveness of the simplest type of stiffeners in sup- oe 
} porting the wide, thin cover-plate when buckling was impending, so that Pie ae 
it might suffer a certain amount of plastic deformation without “dishing” ae 
out of its original shape. Since little force is necessary to restrain such a ; oe 
4 
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stress distribution cu curve rves (of which ‘Fig. 21 is characteristic) 
_ out - further the action indicated by Fig. 19. . They show a redistribution of 

stress within the plastic range in complete’ ‘agreement with the theoretical 
analysis presented previously. “As the loading is increased, the neutral 


axis is progressively lowered until it lies near the edge of the section; the — 
bending stresses become negligible and the distribution is nearly uniform over 


Referring: to ‘Fig. and recalling that the plastic deformation in the 
neighborhood of the yield point is approximately fifteen times the elastic | 

deformation at the proportional limit, it is obvious that it would require 
7 s far ‘greater secondary bending than the value developed i in the | test to cause 


— the extreme fiber stress to exceed the yield point; that ‘is, to reach Point C 


«Fig. Assuming elastic behavior, the test loading nominal maxi- 
mum extreme fiber stress of 55000 Ib in. The corresponding 


deformation, however, was less than twice the value occurring at the propor- : 


= limit; for the | stress to reach the value, would require six to 

_ Another point te be emphasized - is the fact that if the : stress is assumed 
to remain at an _ approximately constant value in the compressive face while 


the yield i is . traversing the flat part of the curve of Fig. 2(b), , even though the 
“material flows freely without appreciable increase in stress, it ean deform 


only toa limited extent because of the action of the remainder of the ‘section; 
and, until such time as the entire section is approaching the yield point, it 


will deform only enough to get relief from additional stress, while continuing © 
to hold its yield- point value. condition is ‘radically different from that 
of a specimen subjected to a stress that cannot be relieved i in intensity by a 


In examining the distribution curves it is of interest to note that when 
yield on compressive face is shown a curvature of the graph, 
aby of stress received by ‘the tensile plate ‘for uniform increments of 


loading is constantly increasing. A “measurement. of “this: change gives an 
idea of the “relief? bending stresses as plastic flow ‘permits the column 


_ A further estimate “7 this relief is obtained from Table 4, which gives the 
measured transverse force, ‘necessary to cause ‘the original deflection and 
its value during the test as plastic flow was reached. The reduction shown is 
quite marked. amount of | bending stress remaining (as shown by 
‘the stress diagrams of Fi ig. 21) may ‘be checked by ‘comparison between the 

permanent : set in the column after test and the deflection used for 
_ stress, the difference i n deflection being used in an approximate -ealeulation 

7 of the bending stresses necessary to cause this small deflection. The values of 

fe aw An examination of the data” presented in Tables 8 and 9, and in the 

i . plotted graphs, shows a ‘deformation along the center line of the column some- jome- 7 

what greater ‘than that at the rivet lines. 


_ transmitted to the plate at the rivet lines, 
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at first glance, contrary to what should Se expected. As” a possible 
_ partial explanation, it was noted that on all specimens a marked transverse’ 
eurvature the -cover- -plate (concave outward) developed under bending 
action alone, somewhat analagous” to that commonly observed i in wide flanged 
sections. dishing inward was largely confined to the region mn of high 
flexural stress, and apparently resulted in an appreciable accentuation, locally, 5 
of the longitudinal curvature of the plate, which | would be reflected in a 
somewhat _ higher deformation | in the outside fibers along the center line of 
the column, where the gauge readings’ were taken. 


TABLE 10— —Prrmanent Sets” AND > Loaps 


Maximum load, in pounds Permanent set, 


Column No. ‘Test Deflection pro- 
in i (column in deflected position) in inches 


and 
duced, in inches 


| | we | 
7 | 0.2556 295 500 9.1945 


is worthy of. note that this dishing eatin. has one distinctly 


‘effect on the ultimate buckling strength of the | cover in that, by directing 
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distance between the lines to a value Jess—probably_ almost 
the clear distance between the backs: of angles” or channels. I it will also be 
observed that the bending of the column whole a tendency 
c direct the buckling of the cover-plate inward. "These facts are of considerable 
a ificance for cases in whiel local buckling is likely to be the ‘criterion 
gn 1 g y 


In the general analysis the results of buckling formulas for Tatios of 


thickness to w1 unsupported width of one-fortieth and one-fiftieth were , presented. 


n 

Reference to Table 1 shows the —-- ratios of the specimens tested to 


varied from 32 to 48. The aforementioned results are quite applicable to 


these cases and clearly indicate that buckling is improbable in n such 


plates at stresses under the yield- -point limit. The ‘preceding discussion shows 
that stresses in execess of this limit are not realized under the most extreme 
conditions herein considered. In connection with this point it must be noted 
that: the general buckling formulas ‘become invalid soon as the stresses 
pass the limit of f proportionality, a and furnish only: roughly approximate 
: — For such cases the yield- -point stress is ‘usually considered the buckling _ 


stress. It is with regard to the latter point that the tests are ‘Significant. - 


‘It might be ‘Teasoned that thin cover is in unstable 


this cover ‘should cause aibiies of the cations section at a value — 
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“greater than the yield- “point stress of the cover. However, in all 


cases except that of Column No. 3, despite t the fact that a a deformation twice 


that corresponding to. the yield-point (Point: ‘Fig. | 2(b)) s stress was 
realized, there was no sign of buckling until the average stress over the ontirn 
section reached the veh point, and unlimited distortion became possible. 


oF 


In Column No. 3 where the —-ratio was — (well below the limit permitted | _ 


by most specifications), incipient action was noticeable. shortly after 
= the extreme fiber had passed the proportional limit limit. et However, the re 


ment Of ‘the bnekle was so lew. the column a: as a whole, maintained its 


- 


is believed that the reason for action lies’ dis 
cussed fact that the distortion corresponding to entirely free plastic 
cannot take place ir in the cover, ‘until the average stress is of sufficient intensity 
¥ fis to cause the entire section to behave plastically. It is reasoned, therefore, 
"that as soon as the cover reaches the yield point, and Plastic flow takes 
place, the member | assumes the: deflected form with a greatly decreased re- 
sistance, the secondary stresses largely disappear, and the stress approaches 
uniform distribution. across the > section, Simultaneously, | the distortion and 
direction of impending buckle of the cover-plate are controlled as to 


“4 permit the necessary deformations without actual buckling, thereby giving 


_ approximately the full yield- -point stress as the ultimate load- -carrying — 


f the section. 
a It has been noted that indications | of buckling of the thin plate 


Column No. 3 were observed a at an earlier stage of loading than for Columns 
Nos. 1 and 2, and that for an identical section in Column No. 4 simple | 


| 


stiffening devices ‘were provided. The effectiveness of these stiffeners in 
holding the cover- “plate 3 in line in ‘the region of high stress is clearly 


demonstrated. comparison of Test 5, Column 1 No. with Test 

Column ‘No. (the columns being identical except for the cover- -plate_ stif- 
feners on the latter) shows that at the ; average unit stress causing a marked 
incipient buckling in ‘Column No. 8, Column No. ‘4 showed no sign of such 
ce effects. While Test 8 (Column No. 4) showed a lower final value than Test 6 


(Column No. 3), this was due to the fact that the former » ‘was ‘not loaded to 


= the point of complete collapse. — _ At a load of 305 000 Ib axial stress, how- 
ever, the cover-plate was in better condition than that of Column No. 3 
‘The results s of the test indicated some serious defects in the particular i 
55, stiffening device used. The sudden change in section at the end of the stiffener “5 
er o created a marked local field of stress concentration, the occurrence of which 4 
E.. wae ‘was indicated by the appearance of strain lines at a load well under the g - 
proportional limit of the column as a whole. It is clear that if sucha a 
2 r stiffener is used, it should be extended farther toward the end of the column, 8 
a : or its ‘section should be gradually tapered off to avoid such a marked change & a a 


, in cross-sectional area of the plate, since in the present case the unit stress in 


- 

— | 
4 
on — 

— 

— 

| 
; 


plate adjoining the stiffener was practically equal to the 
(stiffener and plate) at the center of the column. Further ‘study 

tests are required to determine the most effective form of stiffener, ‘but the 


q indications of this test are that a simple and inexpensive device of this type 


| eould readily be should it desirable to do so. 


stresses are limited and controlled by certain deflection 
quantities: (see Equation (3)). For | any particular loading condition, ‘these 


a 

; deflections ai are (for primary unit stresses within the elastic limit) approxi- 
} ‘mately proportional to the axial distortions of the truss members, ‘considered | 

as pin-connected and when, for a given loading, these deflections 


j attained, there is no further tendency for the stresses to increase. 
_ 2.—As long as both axial and bending stresses remain within ‘the elastic 
and the transverse deflection i is small, the behavior of a member under 

primary stress and secondary bending is closely analogous to a similar mem- 

id 3.—If the maximum extreme fiber stresses pass the proportional limit, or rif 
7 ‘the member is of such type that the transverse deflection is large, the preced- : 
ing analogy ceases to hold, since, in the case of secondary action, it is ‘the 
- defection and not the moments that are proportional to. the load. In par- 
ticular, when the extreme fiber stresses reach the neighborhood of the yield 


point, radical -adjustment relieving the ‘flexural 


4.—As | a result of the 1 re- adjustment i in stress- strain relations, it ial 
_ —@ That any tension member tends, as the load increases, to a condition 
uniformity or stress over the cross- section, except a 
(b) Compression members bent in single curvature may ‘be 
§ is fected as regards = -failure if the transverse deflections due to secondary 
} bend ding become large. This can only occur, however, in the case of large 


‘secondary 1 moments and flexible ‘members, a a combination ‘that is not ordinarily Ts 


It was noted previously (see heading “Compression Member Bent 
in Single Curvature”) ‘that for values 70, the effect of secondary 
ch action in inducing —-failure i is small — well under that corresponding to 4 


agit ried 


such a case the rigid joint action which gives rise to “secondary stress ac 
as a brake | on the lig. column deflection before the point of ultimate column — 
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(c) For a column bent in ouble curvature, the secondary action, 
forcing the curvature into two | “waves”, may actually have a beneficial effect 


(dd) For ' “stocky” columns { say, — < 40}, which are ordinarily the only 


members ; that develop high secondary stresses, failure is nearly always due 5 
7 to local over- “strain. . Until the average stress approaches the yield point, 
transverse deflection is negligible, and column action in the o1 ordinary 


"sense cannot oce occur. For such columns the secondary stresses, whether Tesult- 
ing in single or double curvature (almost invariably “the latter will be 


- case for high secondary stresses) will merely result i in high stresses on the 


compressive face, which are rapidly y relieved by plastic flow of the “material 


5.—It might be expected that a combination « of f primary and secondary 
“stresses” beyond the proportional limit would adversely. affect the stability 
against local buckling of the wide, thin cover-plates commonly used in the 
compression chords of bridges. An analysis of the problem indicates, how- 


ever,” that local “buckling is unlikely to occur, in plates having a! ratio 


with the requirements of standard specifications, until the average 
stress over the column approaches the yield point of the material, which, in 


_all compression members, m arks the ultimate. strength of the member. ey 

: _ The tests made primarily for the purpose of exhibiting the behavior of the 

we type of compression member with respect to local failure under primary 

stress and a high percentage of secondary stress, have been discussed rather 


fully in the previous pages. The test results may be summarized briefly, : as 


6 6.—Re-distribution | rr stress beyond the proportional li limit was : found to 

Psd place in a manner r closely agreeing with theoretical analysis. 
I —For combinations producing nominal values of extreme thie ee as 
- great as 55000 Ib per sq in. (fp = 35000 and fs =) 20000 Ib per sq in), 
it was” found: (a) That while strain lines began” to appear in cover- 
plates as the proportional limit was passed, no indications of local | buckling 


appeared until the average stress over the section saesiiaal the yield point 


—=-, some evidence of local wrinkling was noticed ata 


had apparently no appreciable. effect on n that value. 


. 8.—When stiffeners were applied to the prone plates of Column No. 4 
(see heading, “Cover- Plate Stiffeners”), the of incipient 
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Although the general analysis of the behavior of bridge members under 
combined primary and secondary action ‘resulting ‘in local stresses beyond 


‘the proportional limit i is believed to apply without restriction, it is obviously 
impossible to draw valid general conclusions from the test results: on, four 
‘specimens. JA much more comprehensive program of experimentation would 
have to be undertaken before a final pronouncement could be made. _Bubject 


7 to these limitations, the following ‘significant conclusions are indicated: sitet 


(a) The ultimate genstionliy.. utilizable strength of a tension m member is 
 & not affected by any secondary stress action within reasonable practical limits. nite, 
Compression sufficiently flexible to to develop -failure be- 


the yield point is ‘reached, will usually exhibit too low a value for the 


secondary bending to reduce the ultimate carrying capacity of f the member 

- (c) The rigid type of built column, in which alone high secondary stresses 
are to be expected, almost invariably fa fails by local over- -stress, usually at a 


he which local buckling can readily take place. High secondary stresses 
have no effect in marge such local failure, and, therefore, have no effect 7 


m recu 

viding the section proportions are governed te the limits of present 

a 

1 | ‘The results of the investigation do not justify the conclusion that secondary 


‘- stresses are of no importance. The fundamental principle which has so largely 


e governed structural design (that no fiber stresses should exceed the yield 
yo point of the material), is too firmly established and is supported by too 
r = sound reasons to be lightly ignored. Such a principle, however, can- 


not be applied blindly; ; it is of the utmost importance for the 4 designer 1 to 
know the consequence of overstressing any part of the structure. This may 
general failure, a limited, localized failure not endangering the struc- 
: ture as a whole, ‘or merely undesirable local distortion and permanent set. 
_ The practical significance of this investigation lies in the fact that it indi- 
cates that overstressing due to secondary bending falls in the latter class. 
: ‘This is of vital importance - in fixing the unit stresses and otherwise deter- 
the margin of safety for cases in which high secondary stresses are 

involved. 


The 1e investigat tion does ‘not cover certain important by- products of secondary 
bending as as, , for example, the effect ‘on riveted and welded connections 
alternating secondary moments. certain types of joints, this s effect may 

quite important. Due to this and perhaps other effects, and “the general 


of large permanent set, it is highly desirable that: the 


a 


designer should know if and where high secondary stresses occur in a struc: 
ture, Under r certain conditions, he may deem it desirable to modify the de- 
sign to. reduce such stresses or to provide for them | specially in the 7 
detail design. any case, it is a matter of ‘great practical designing 


Significance to be assured and unexpected overload, 
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EFFECT OF SECONDARY STRESSES UPON ULTIMATE 
producing a combination of primary and secondary stress. nominally far above - - 
7" _ the yield point of the material, will not endanger the safety of the member 2 


om as long : as the a aver rage stress « over the section is maintained safely below the a 


an experimental conducted in the Experimental Engineering 

ie Laboratory of the University of Minnesota, by aid of funds jointly furnished 
~ the Graduate School, of which Guy Stanton Ford is Dean, and the Engi- 
4 neering Experiment Station, of which O. M. Lela: nd, M. Am. Soe. O. E., is — 
. Director. Acknowledgment is also made of the co- operation of R. W. Robinson, 


Engineer of the of the American Bridge Company, 
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| THE -SPRINGWELL FILTRATION PLANT, 
‘DETROIT, MICHIGAN 
| By EUGENE A. HARDIN’, M. AM. Soc 


design and construction of a filtration plant and filtered water ‘Teser-— 


voir at ‘Springwells Station i is described in this | paper. ‘These units form a 


part. ‘of the additional works ‘constructed during 1932 for the Board of 
- Water Supply of the ‘Metropolitan Area of Detroit, “Mich. _ The fi filtration plant 


is of the sand, gravity type, having an 1 ultimate capacity of 300 000 


20 000 000 gel, with provision a third section’ added later. ‘The gen- 
eral basis of design, the data pertaining to the various parts of the plant, the 

hydraulics of plant. flow, the construction program, and the tabulation of both 


construction costs and engineering costs are outlined herein. 

The water supply for the City of Detroit ‘is the largest to be completely 7 


La 
filtered ed by. vapid. sand filtration, and includes 1 the two largest rapid sa sand filtra- 


plants ‘world—the | ‘Water- -Works ‘Park 


i 


Filtration ‘Plant, t, having | a 


maximum ‘daily capacity of 360 000 000 gal, and ‘the Springwells Filtration 


Plant, —* a maximum daily capacity of 300 000 000 gal (capacities based 


tet 


4 we ‘ filtratio n rate of 180 000 000 gal daily . per acre). 


oF Water TREATMENT AT Dernorr, MicHicaAN 
_ The City of Detroit has taken its water supply from the Detroit River for 


‘more than 100 years. Although privately owned and operated for the first 
_ eight years of their existence, the water system and supply works | have been 


. owned by the municipality since 1836. 2 Since that time, from a small city of 
we 6900 inhabita nts, the district served ha as increased in population t to more than 


2000 000 and in area to more than | 100 s sq miles, extending about 10 miles 


ow 


3 ‘along the river and about 10 miles inland from the 1 river. Improvements for — rat 4 
4+ —Discussion on this | paper will be closed in February, 1935, Proceedings. tii es 

1 Asst, Engr.-Designer, Black & City, Mo. 

Dept. of Water Supply, Detroit, Mich.). 
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_ increasing the quantity of the supply, and its sstribution, were the main con- 


| except in the location of intakes, until, in 1912, when purification [oo 
of the supply was first considered and permanent provision was made for : 
chlorination. ‘The quality of the water in the Detroit River at the ‘intake 

in 1905 (named 1905 Intake) has been comparatively good, but with 

increasing pollution and the growing consciousness of the consumers of the a 

7 value and need of improvement in the quality « of the water , the desire for a _ 

and more > palatable supply increased “until, i in 1917, an experimental 
filtration plant with a capacity of 200 000 gal per day was constructed and 


i onerene for more than a year, establishing the feasibility of filtering and de- 


loping popular approval by dispensing filtered water to those who came for 
por as s the basis of a report by the late R. Winthrop Pratt, MA Am. ‘Soe. C. E, 
March 1, 1919, outlining the » general design of a filtration | plant, to’ 
entire then existing supply. In 1921, contracts were let for r filtration 
works at Water-Works Park Station (see Fig. 1) and the | filtration plant was 
and put i in service on December 22, 1923 1923. 
While it improved the quality of the water greatly, the filtration plant at 
Water -Works Park did not add to the quantity. ' Due to the rapid increase 
in size of the city in both population and area, ‘it was ‘evident that a far- 
sighted and comprehensive plan of additional supply for the Detroit ‘Metro- 
politan 1 Area was necessary immediately. Accordingly, a Commission of Con- 
sulting | Engineers, | composed of Messrs. George H. ‘Fenkell, W. C. Hoad, 
Olarence Hubbell, ‘Theodore A. Leisen, and the late Gardner S. Williams, 
— Members, Am. Soc. C. E., was appointed, and reported j jointly on January 5, 
This Commission on program, involving the 
construction of additional supply works, beginning immediately \ with (a) 


— 


the pbuilding of a new intake in the : river; (b) a raw-water tunnel from intakes 
_ to the west side of the city; (c) a complete new supply station at the site 

selected on the west side; (d) additional distribution mains; and (e) future 
£3 construction of a third complete supply station at a site to be selected in the 

part of the city. (c) included recommendations for a low-— 


—«idift pumping plant, a filtration plant, a filtered water reservoir, and a distribu- 


= 
> 


a 


a 


ti tion plant. 


1 


GENERAL Description or 
‘The new system provides for the distribution of additional water to the 


one scely Area of Detroit from three se separate stations, e each having a a filtra- 
tion plant and the necessary pumping plants (see Fig. 1): (1) The old Water- 
Works ‘Park Station on East J efferson Avenue; (2) ‘the Springwells Station 
on ‘West Warren . Avenue; and a future Station (see Fig. 1). 
- ‘The water is taken from a new, lagoon type, intake built i in the Detroit River 
just northeast of the ‘up- -stream end of Belle Isle and not far from the 1905 
_ Intake crib, which will Temain in service as an auxiliary intake, and will be 


carried through a system of gravity tunnels to the old station and across the 
city to the new stations. The intake, the Springwells Station, and the raw- 


water tunnel connections to W ater-Works Park Sté tion and Springwells Sta- 


— 

j 

| 

q 
= 4 
=< 

— 
— 
— 


HIGAN | 


OIT, 


ods 


MIC 


T, DETR 


ELLS FILTRATION PLAN 


 SPRINGW 


so 


pesodoig 


wal 


= 


Buygsixg -—— 


uepuNog easy 


aBeiojs @ 


SHUNT AND 


J3}S00g 


NVOIHOIW ‘Liouzaq 


a 


¢ 


NOllvis wava 
SSomiom 


‘vaay 


in & 


AIddng 


$3 


ber 


Novem 


ASN 


929 


» 


WEN 


IVdIONIUG 


ZEIT ANNE 


WOAM 


«0S. 


| 899 H 


or 
NOILVLS Y3LSOO8 


— 

| 


1292 SPRINGWELLS FILTRATION PLANT, “DETROIT, MICHIGAN 


; tion are part of the present project. — isin Station and the branch es 
to it will be. built at a future date. 


 - ¥ The water to Springwells Station flows from the intake through 38 568 ft of 
ns crete-lined tunnel, 15.5 ft in diameter, built in rock under the river, to a 
well and screen chamber on the shore at Water- “Works ‘Park; thence 


oe through 10 633 ft of concrete ‘tunnel, 14.0 ft in n diameter, in c clay, eats: to the 


intersection of Pennsylvania and Forest Avenues; thence west through 44 705 
“a ft of concrete tunnel, 12.0 ft i in diameter, in clay, to: the ‘Springwells ‘Station 


site, where it turns and enters the suction well a the raw-water — 
At this point the raw water into mixing 
the filtration plant through two 10 by 8-ft (or equivalent section) concrete 
— running behind the pumping plant and under the generator a 3 
floor. The flow through | the filtration plant is shown in Fig. (The 
7 structures of the plant are not shown. Nn ust before entering the e mixing 
chamber the water is metered through Venturi tubes cast in the concrete con- 
gulants or chlorine may be applied to the raw water at the entrance 


s to the low- “lift plant, at the entrance or exit of the raw- -water meters, or at 


the | entrance to the mixing > chamber. fi Thorough and rapid ‘dispersion of the 
"chemicals 3 through | the water is accomplished by the turbulence: in the pumps, 
meters, or entrance gates, as the case may be. In the 3 mixing chamber the 


water is stirred by mechanical agitators and brick baffles. 


: The mixing chamber discharges a conduit running the full width 


; of each basin. Entrance to 0 the basins i is ‘through | vertical slots spaced to ; give 
the clarified water is decanted from the surface by weirs, and flows into the 
filter building at two points through main conduits. At the ‘filter: operating 
“inlets are connected to the sixty- eight rapid sand-filter - units. ‘The water 
flows on to the filter sand beds from the inlets and passes through 20 in, of 


2 The filtered water that is collected is , discharged through automatic rate-of- 


galleries between the four rows of filters, The two filtered- water conduits dis- 
charge into a weir chamber | at their” eastern ends where the water level is 
2 controlled to maintain : submergence of the filter-effluent piping as well as ‘the 
high suction level on the distribution pumps when operated according to 
shunt: system, described subsequently. rom the weir chamber r the water” 


may flow either directly to the pumping plant o1 or into ‘the filtered- water reser- 
voir, as flow conditions demand. 


iy Circulation in in the filtered-water reservoir is induced by a center bafile- wall 


n each section and inlets and outlets ‘controlled by flap check-< gates. ‘Water. 
is 


fi. 


drawn from the reservoir through conduits" entering the opposite end of 


he pumping plant to that connected directly 1 to the weir chamber. “A The dis- 


controllers into the main filtered- -water conduits in each of the two ‘pipe 


the four settling basins, from which ‘conduit the water rise at two 

’ pier and gate wells which admit the water into the distributing channels 7 


galleries these conduits branch into the filter influent mains from which the 


4 
= and 18 i in. of gravel to the perforated- -pipe grid collector system below. : 
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‘detailed desoription which covers only 


the — and construction of the filtration plant and reservoir a ——— 


Baperimental Filter 1 Plant. summer of 1925 an experimental ‘filter 
¢ plant: with a capacity of 150000 gal per day ‘was designed and built for the 
express purpose of studying the phenomena of mixing and settling. - This - 
plant w: was ‘composed of rectangular wooden tanks supported on a concrete mat 7 


foundation and enclosed i in a light frame ‘structure. plant was arranged 


times and velocities in coagulation basins could easily be obtainable by 


“making slight alterations. ‘Two identical filter units were provided for use as 


= 


After about six < months’ | operation in parallel : with the lanaie: filter plant, the 
experimental plant was placed in charge of Mr. Roberts Hulbert and Frank 
W. Herring, Assoc. M. Am. Soc. C. E., who began on the program of ‘settling- 7 

7 oe studies and obtained some very good ‘results; but certain peculiarities 


3 n these results led to an intensive ‘search : to determine the 1 reason for incon- 
sis 


tencies. ‘Finally, the trouble was discovered in the fact that the ‘two filter 


OF SPTLING Basin 


— 
— 
4 
— | h steel mains connected to each of two 
— | discharge through steel ma inte sit cane 
a tribution pumps di gh-pressure area and an intermediate pre | 
=" ee districts (a high-pressure area 
4 
— 
= 
| 7 sities OI Mixing and a wide range 
‘ange O imes and velocities 
— a reasonable range 
— 
— 
5 
— 
ve 
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etek: to measure the results were not Having 
gh become absorbed in the development of better methods of washing filters, the 
 yemainder of the time available for th the experimental filter plant operation was 
_ spent on this subject and a technique was developed of washing them to a cer- 


definite sand instead of at the usual constant rates of wash- 


_ ‘Scale Model Tests of Settling Basin Inlets—Concurrently with the opera- 


tion of the experimental filter plant, investigations of flow in settling basins 
were made by the use of a 1:25 scale model replica of the basin proposed to be 
used at the Plant. This model. (see Fig. was the means of 


“uniform distribution of Sea across the full width of the basin and the fo 


actual retention period, as determined .by floats, dyes, and salt solutions. 
Potassium permanganate dye was most satisfactory in determining the con-. 
dition and distribution of flow by observing the advancing cloud of colored 
water. _ The time element was denoted by plotting the front edge of the color 
7 
cloud at the end of each minute e after the application of the color | until it 
flowed out at the outlet. This plotting gave a record of each run, , such as the : 


typical fo form shown i in Fig. 4. Valen 
The e outlet conditions 1 were early found to have little effect or on the flow dis- 


“the test ‘results on the model, a a vertically slotted wall inlet w was adopted, with 
7 training walls between p pairs of slots, ‘The a arrangement ¢ of the entrance baffles. 
is shown i in Fig. 4, with seventeen slots of the size and spacing indicated. In 

the entrance chamber the openings are beveled on the down-stream side (see 
Fig. 4(b) and Fig. 4(c)). _ Guide- vanes were of 4%- -in. galvanized iron. — The 
basins have ‘straight- “through”: flow. 
Under-Drain Lateral Experiments. —To determine uniform the 
= distribution | of wash-ws water flow would be from a tentatively adopted design of cS 
- fle under- drain lateral and to develop a low- “cost | brass, or bronze, bushing 
2 for the perforations i in the under- drain laterals, a testing apparatus was built 
adequate for one typical full- ‘sized lateral, almost identical in dimensions with 
- those that would g go i into the actual filters. Several types of pipe e materials 


. ~ in, this apparatus, were tested, as well as types of perforations and bushings. 
‘Incidental to this test, a series of f submerged orifices was" calibrated and dis- 
charge coefficients were obtained “i. 
Analytica In vestigations and Studies.—Analytical weie made to 
‘ _ determine the economic size of filter units, economic filtering head, the design of 
the wash- water supply system (with | particular regard to the relationship. 
the ‘size of wash-water tanks and _wash-w: -water pumps_ ‘supplying those _ 
~ tanks), and Se. costs of types of filter bottoms, wash-water trough materials, — 
General Basis of Design. —The ultimate capacity of Springwells Station 


i es determined by a detailed study of the distribution system and the proper 


__2”"Studies on the Washing of Rapid Filters,” by R. Hulbert and F. W. Herring, 
Journal, Am. Water Works Vol. 21, November, 1929, P. 
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division of load among the three plants designated by the consultant’s report. 


a 


st experience, led to adoption of values 

Table 1, as the basis of design for the Springwells Filtration | Plant. The 
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furthermore, d that the mixing 1s determined by 
ae design requize s or the meters settling basins the perforated 
stroit,” by L. EB. Ayres, 

— : r Distributi 1. 100, 

— Water Dis Record, Vol. 


Description 


‘(Estimate AS OF 1955) 


Sizeof Each Unit; | 
(1) Area of sand, in acres...... 
Filtering rate, in gal-| 


lons daily: 
( (6) Maximum.........] 

Number of filter units 
Maximum velocity of influent, © in} 

feet per second 
Operating head, in feet. € 9. 
Capacity of wash-water tank, in| 

million gallons 
Capacity of wash-water “pumps, in 
gallons per minute. . .| 28 000 


ia 
to 


ene. 


gallons 
Filtered-W: Reservoir, in Million| 

(a) Ultimate 
as 


On 

oe : 


(b) MIXING AND CoaGuLaTION 


Time of mixing contact at maximum) 
15 e) Structurat Loaps aNp STRESSES 


| Number of mixing chamber units... 
_ | Weight, in Peuntis per Cubic Foot: 


Time of retention 
3 capacity (300 mgd), in hours 
10 | Velocity in basins, in feet per minute.| 2 to 3 


at maximum| 
2 


Second: 
Inlets 

(b) Outlets 
Number of basin units 


ings. 


Compression in concrete, for: 


Roofs tied columns. . 


Rate of Filtration, in Million Gal- 
_lons Daily per Acre: 

Normal........ 

(0) Maximum...... 

Rate Ww in Inches of Rise] 


— | columns with spi- 


walls, and foot-| 


allowabie load on a bear-| 
ing pile, in tons 
Maximum Allowable Bearing Value 
of Earth Foundations, in Tons 
Square Foot: = 
(a) Filtration plant structures. 
Reservoir 


earth p pressures were assumed to be equivalent to hydrostatic 

ditions in substructures; in live loads were determined by 
conditions, | or by reference to the Detroit Building Code, whichever was the 

= 


ion was given to each detail to avoid ‘complex situations which would be 
ostly to build, or which later might cause trouble in operation and -mainte- 
. nance. Where auxiliaries have been used, such as master control for filters, 
- summation devices for meters, float-controlled water-level indicators, float con- 
trols for pumps, etc., they have been installed so that their discontinuance — 
pn service will not interrupt the operation of the plant or affect the func- 7 
tioning of the standard equipment with | which they are used. . As a rule, : 
automatic devices, st such 2 as the differential chemical feed, the automatic filter” J 7 
shut-off, the proportional chlorine feed, etc., have been avoided, ee 


iden given to manual control where practicable. , 


sang 


ood General. —The ‘keynote of the entire design i is practical | simplicity. Atten-_ 
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| 
r 
1s ers wash water, in 19 
— 
.| 100.0 
Maximum Allowable Unit Stress, in| 
Floors, walls, and foot-) 
14 160 || 
| 
36 || 35 — 
| 
— 
— 
— 
| — 
— 
— 
iii 


- — The construction « of t the conduits, chambers, basins, filters, and 3 reservoirs, 


on ing s which is is ‘only partly pant reinforced concrete roofs insulated with cork 
a _ tar and gravel roofing, ng, and hollow-tile curtain-walls faced o on the outside 


with Indiana limestone and on the inside with terra cotta, glazed brick tile, 


or glazed hollow tile. The operating f floors of the filters are finished with 6 


a. 6- in., red, quarry | tile with dark green terrazzo borders. The floors in the 


Chemical Building, storage rooms, etc., are finished with concrete 


* 


hee The entire structure is supported « on a foundation of wooden bearing piles 


driven to hardpan through a subsoil of plastic and soft blue clay. The total 


averages 20 tons per pile with the piles arranged so that, when the plant. 


is entirely filled and loaded, there is a variation of not more than 5 tons per 


pile. On account of the unfavorable subsoil conditions, care was taken to 
avoid excessive concentrations of loads i in the plant. Some variation in 


4a ing is occasioned by fluctuating live loads, such as in storage bins, basins, 
Chemical Plant. —The Chemical Building is over. a part of the m mixing 
chambers, a and ‘contains the chemical storage tanks, chemical | unloading and | 
“YY conveying equipment, the dry-feed machines, and hoppers for dosing ground | 
sulfate of aluminum and The e arrangement o: of chemical 
equipment is shown in Fig. This" equipment is arranged so that, by a 
a minimum of revision, the manufacture of aluminum sulfate ‘may be p provided — 

- for, | at the same time preserving the dry alum n equipment for stand- -by y service, 
: The provision for alum manufacture contemplates making the alum syrup and 


‘4 feeding it asa a solution, 


Ris The design of the Chemical Plant was based on the ¢ follow! ing capacities: i 
(a) At. ‘maximum demand, a storage capacity of 30 30 days’ supply of 


wie} 


(2) ‘At normal demand, a storage capacity in n each alum feeder 0 


= 


(8) At maximum demand, a storage capacity in solution feed fii, 


(4) At maximum demand storage capacity for slum syrup, of 


3 ie i (5) Unloading equipment to handle a 40-ton car in 8 hr. 


cae net (6) Reclaiming conveyors sufficient to handle 1 day’s supply i in 3 hr. 


equipment in the Chemical Plant consisted 


4 
f the 


(a) Suspended ‘eal storage of 390-tons total capacity consisting of: 
4 (a) Four storage tanks at 60 tons capacity each. 


(b) Three storage tanks at 30 tons capacity eache 


(2) Pneumatic conveyor for from railroad cars and delivering 
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ae Screw conveyor, 200 ft long, , for reclaiming 1 material from storage J 


es (4) Bucket elevator for lifting material from the reclaiming conveyor to 
the conveyor above the feeder hoppers (capacity 6 tons per hr). ects 
(5) Serew conveyor for distributing material to the feeder hoppers 
(6) Five dry- feed machines , suspended from from the feeder hoppers. 
(7) A weighing scale for each feeder hopper and dry feed ‘machine, with 


— (8) A dissolving basin for each dry-feed machine, delivering to the sbi 


‘Three 34 dosing Tine h headers of 99% pure co copper extra heavy tubing, 


4 Conduits and 


plant the conduits change shape to ‘square conduits and slope 
on a grade | of about 12 per cent. In this section, a distance of about 60 ft, 
a raw-water meter is installed in each conduit. These meters are of the 
4 “Venturi type v with 9-ft square e inlet and ou outlet « ends ‘and 4-ft square throats. 


The meters are cast of concrete w bronze- lined iron throat and | pressure-_ 


‘Hing and bronze- lined cast-in “iron 1 inlet pr rings set i in a the 


tubes. In the design of the ‘tubes advantage 


Fe the upward slope in the conduits so as to ‘compensate for their ¢ i onv ergence i 
; such a way that no air is trapped, on filling the conduits, and all water ch 
be drained out, on emptying the conduits. 4 
: cap Mixing Chambers.— —The dosed raw water enters the ‘mixing: chambers from 
the down- stream ends of the two parallel raw-water meters. ‘The mixing 
are in 1 three units, of. approximately 5-min ‘retention period, each” 


with a by-passing channel. The general arrangement and details are . shown 


in n Fig. 6 i The water pr the by- passing channel on the east side which i is 


equipped with | gates to shut off or admit water to a any of the three a 
—— Normally, the water enters through the three 6 by 10- -ft sluice-gate inlets to 


a south chamber, flows northward through the three chambers (the dividing _ 
7 wall- -gates of which are , normally open) and leaves’ through the three 6 by 10-ft 


gates at the northwest corner the coagulated conduit to the settl ing 


— All the sluice-gates in ‘te mixing 1g chambers are of the r rising stem type, 
are hand- operated, with _worm-geared floor stands. While it is in “the 
_ mizing chambers the water is stirred d by mechanically driven, paddles rotated 


at a a peripheral speed of 0. 67, 1. 0, 1. 88, or or 2 ft per sec, ; the > speed being regulated 
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‘SPRINGWELLS PLANT, MICHIGAN Pape: ers 
give the best of water. (1934), only the first. 
mixing chamber is equipped with agitators, and brick baffle walls have been 


. built i in all three chambers. _ As the plant load i is increased the other chamber: 7 

for the south section of f the mixing chamber i is indicated i in Fig. 6. Steel- -plate 


paddles, 10 ft ong, are mounted spirally about a shaft of 12-in. steel Pipe 


chamber. end of the shaft i is steadied in a sleeve- -bearing 
the of the chamber sump. This paddle assembly is driven through 


a 90 900: 1 vertical reduction gear by a four-speed s squirrel- -cage vertical motor 


‘The following data will serve as a summarized description of the eee 
amber; 
Elevations, in Feet, Above: 


High water ......... 
Normal water 


Bottom Slab: 


wall line: 
edge of f sumps. dante? 110. 
Volume « of water, in million gallons. .. 8.201 
0.6 
Time of mixing, in minutes, at 300 mgd capacity. 
Length of horizontal travel, with baffles, in 
(approximately) . 


in Feet per ‘Second: “ia 


Of horizontal flow, at 300 mgd 
| Basins. —The general 1 features of ‘the basins are ‘shown 
in 
112. 6 in. thick at he from Point 4 to the 
ne mediate vanes are 6 in. - thick at the top and 12 in. at ‘Elevation | 112.5 for their 
length and the batter continues to the top of the va vane. 
: The settling basins are in four units each about 135 5 by 340 ft in plan, with 
heat 18 ft of water depth and 5 ft of free-board from the 1 water euulees to 
the top | of the roof slab. The entrance wall, or inlet structure, « consists of a 
lower conduit, 10 ft 8 in. wide by 1 12 ft 3 in, . deep, which ‘extends the full 
- width of the four basins, ‘and an upper channel which distributes the water 
across the width « of each’ basin by means of vertical ‘slot openings in its | inside 
wall. J, “At two: points, one between each pi pair of basins, , there is a junction 


_ chamber which allows the water to flow up from the rei conduit into the 


is provided with by -gate. “The inlet channel and slotted 
_ openings were constructed as nearly as possible similar to the most ; favorable 


‘The water distributed across. the north e end of each” basin 
the slotted in the upper entrance channel ‘is straight 
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of the basins, where it is taken off prongs The weir is normally s sub- 

_ merged about 14 ft, into a collecting conduit, 11 ft 6 in. . wide by about 10 ft 
deep. |The e collecting ¢ conduits flow together at two points into junction mn. cham- 
which admit the water tc to the Filter Building. collecting channel 
outlet is provided with a 9 by 12-ft sluice-gate for shut-off purposes. Beneath 7 

_ the collecting” conduits is a by-pass conduit, 11 ft wide by 6 ‘fit 6 in. , deep, 

; extending the full width of Les basins, through which w water may be by- passed 


- equalizer 0 of th the flow : from 1 basins t to the two filter influent mains. 7 At the out- 
let w weir there is a skimmer baffle and trough « of somewhat unusual design, « so 
constructed that, during short periods of high- water level in the basins, ' the 


collected scum flush off into the 


To facilitate the bottom each beste: is into three shal- 


low hoppers, with a ‘sump at at the center of each. A hydraulically operated | 


94-in. mud valve is operated on the basin drain line in this ; sump. The valves” 
on the pressure lines for operating the mud valves are grouped in the two, 
outlet, junction- chamber, gates] -houses. One basin i is s equipped with a perforated 


4 line of small y pipe for the floor during cleaning. if this Proves 


so. equipped. A main with hose con- 


‘tole and division walls are 0 of the cantilever type; the floor is of the flat- slab i 


type; and the e roof isa a flat slab ‘supported by cylindrical ‘columns 30 in. 
spaced 30 ft from center to center both ways. 
_ The roof-slab spans are 30 ft square between intermediate panels : the end 


"panels have reduced spans in the direction in which the continuity is broken 


_ by walls” and expansion joints. Since flat slabs of 30- ft span are quite close 7 

to the maximum in common use, the analytical design \ was checked by a 

_ mechanical instrument simulating a model of the structure. _ ape et 

a ‘The inlet and outlet wall structures are of somewhat caiat: construction, 

as typical of such features: Inlet and _by- pass conduits are designed as rigid 


monolithic structures; the slotted inlet wall, subject to little horizontal load, 


weir wall is a and the junction chambers have 


‘is designed as a curtain- wall or baffle, tied at the top, bottom, and ends; ; the 


_ ‘The r roof of the basins is covered with 2 ‘ft of fill, consisting of 6 in. of e 
pea gravel and 18 in. . of earth. Over each junction chamber is a gate-house ~ 
superstructure in which the 9 by 12-ft sluice- "gates are hoisted by -electric- 
ity and stored. The | part of the basins above the ; general ‘finished grade of 
the site (Elevation 130.0) is faced with limestone to match the building group, 
_— curb wall | retaining the the —_ roof fill i is surmounted by an ornamental 


through the basin by straight vanes or by training-walls about 29 ft long. The * 7 “4 i 
— 
a 
, 
4 
1e skimmer trough acts also as 
q 
4 
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nections is provided in each bast tur Use 4 
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‘ized descrip i 


7 ‘Elevations, in Feet, above Detroit City Datum: 
High water ... 


Bottom ‘Slab: 


a 


Sludge hoppers, below Elevation 112.5 86 675 
Total capacity in four basins: a = 
With water at Elevation 131.0 


ie With water at Elevation 130.5... 


7 

3725780 
og Ti ime of detention at 306 mgd capacity, in 

== of flow through the basin, in feet per a 

minute, at 306 mgd 

: Outlet velocity Ov (normal 


of settled water, in parts per million. 


Length of flow in basin. 


Width of one basin. ‘ 
_ Effective water depth, ¢ one basin. baa 
"Slotted entrances and 29- ft guide- -vanes constitute the ae bafiting system; the 
outlet of. the basin: is ‘operated as a submerged weir; 3 and ‘the basins are 
‘Filters —The group of sixty- eight filter units is adjacent to and centers 
on the south wall (which is the outlet end) of the settling basins. n The filters" 
are arranged in four rows along two parallel Pipe galleries: ‘with concrete 
fluent conduits connected by cross- s-conduits to the outlet chambers of the 
settling basins. top slab of the “influent conduits forms "operating 
floor between the rows of filters. 
‘The interior of a filter unit showing the wash troughs 
drain system before the ‘filtering material i is placed, is shown i in Fig. 9. The 
.. E filters : are of the front gullet type, with longitudinal wash troughs s of cast iron 
and perforated cast-iron pipe under- drains. The under- drain laterals are con- 
to a central manifold cast in the conerete bottom of the filter. The 
ends of the laterals” at-the side walls of the filter unit are connected by 4 -in. 
cast-iron headers parallel to the walls 8 to eliminate ends assure: 


more uniform n distribution of flow in. 


— 
‘teen 
— 
The following data will serve as | on of the settling hea 
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‘walle, during washing. 


gravel grades in size from 3 in., maximum 


Fic. 9.—VIEW oF INTERIOR WING AND WASH TROUGHS 


OF R, AND 


diameter at the bottom, to in. particles at the top ) of ‘the gravel layer. The 


sand is 95% pure silica having an effective size e of 0.5 mm and a uniformity - ag 


“coefficient of 1.3; 2% of it is composed of ‘Particles larger than 1 mm. The os 
sand finer than 0.3 mm was washed out and is disregarded in computing _ 


While it is s filtering, water normally stands within 6 in. of the top of the 


filter walls, making about 7 ft of water depth on the surface of the sand bed. 


In washing, the | sand expands 50% and rises to the bottom | of the lower ends ends ‘ 


2. A typical section of the pipe galleries and the piping for a typical fi filter - 
amit is shown in Fig. 10. All header conduits are of concrete ‘and are arranged — Be 
to form the floor of the pipe gallery as well as the filter ‘operating floor above, 

The ‘filter connections are made with cast-iron fittings and flanged valves of tl the 


following sizes (in inches) : ney 


=] 


o 


Wash water 


eee 


‘Sewer 


= 
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and 20 in. of silica sand. 
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by cylinders the cast a zemou fond table or 
a ae ~ located | on the filter operating floor at the front of each filter. _ All hydraulic 


are bronze-lined ‘throughout, including the cylinder heads and 
aren, pressure piping to the valve cylinders is of seamless copper | 


a ‘filter is equipped with a rate-of- flow controller of the ‘Venturi type 


and a loss- -of- mend gauge, both actuating an and recording gauge 


arranged for master- control. or for ‘individual setting as ‘desired. The 

line of 


\ a 000 eal per min each, ‘two pumps with capacities of 8 000 ae per min, located 
recesses off one pipe gallery, ‘and two 50 000-gal ta1 nks in the cross-monitors | 


= the Filter Building. The pumping capacity is sufficient for washing filters: 


ae continuously, one.at a time, while the tank capacity is | sufficient: for one single- 
filter wash. The depth of the wash-water tank and the rate of filter washing 


date will ‘serve a as. a summarized description of the filters: 

Rate of F sltration, i in Million per ay, per Acre: 
Maximum ............ 


2 ion gallons daily 


i 
Re-wash 


Thickness of layer. 

of sand to crest of wash 
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' 
ae Bey 
i 
Matis 


‘ ae = 


4 
* 


Water 
Influent 


3 
3 


“Elev. 131.0 


—.6.8— 


Gallery Fi 


Elev. 116.42 
Elev. 113.67 


— 
— 


Elevations in Feet, Detroit City Datum: 


‘Water surface on filters 


; ‘eee size of sand, in millimeters. . 
Uniformity coefficient. 


Laterals, spacing, center to center. 
Orifices, spacing, center toc center..... 
Ratio of orifice area to sand area (xX 
to 


wa The strainer system is composed of perforated cast-iron pipe, with perfora- 


a tions brass bushed. . The wash gr gullets are at the front of the ‘ines, and the 


bs 4 sand is not agitated during the washing process except by the high velocity © 


— Filter Building.—tThe filter | group housed in a single- -story building with | 

two longitudinal monitors, over the filter operating galleries, and two cross: 

‘monitors in which the wash-water tanks and ‘air- -conditioning and heating ; 

equipment are placed. . This building is of concrete- encased, structural- steel 

- frame construction, with reinforced concrete roof of the: ribbed- slap type. 

_ The curtain-walls are of hollow tile faced with buff terra basis on the interior — 

chat- sown Indiana limestone on the e2 exterior. 


The ec concrete ceiling and columns are painted light cream color. The 


‘mortar, with ‘borders and spill-n rail of green railing 
of ornamental iron with an oak top rail is along each side of the operating © 
“galleries. All ornamental iron work, steel floor gratings, ventilator grilles, 
‘steel and door framing are painted. a dark green. The is 


gravel Large skylights of the vault type i in 
the filters augment the light from the gallery “monitors. 
_-Heating System. —Considerable attention was given to the heating an 

ventilating of the Filter Building. Tests made in the existing Water-Works 

Plant indicated considerable variation in temperatures throughout the 
building anda large consumption o of heat ‘to maintain an average of 50° F 
dating zero weather. _ Condensate was seen to collect on the steel work, Toot 


‘slabs, and window sash in the spring and fall when the building was, 


eated. ‘With this. example to observe and test, it was expected that an 
heating and | ventilating system: could devised for t the ‘Spring 


the problem “considerably. Attempts. to ‘measure. ‘this 
> Ss failed, due to lack of instruments for measuring such a small temperature 
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heat loss to an open water surface. In collaboration with experienced heating — 
and ventilating consultants, the following outline of a heating system for the 


Minimum, average wai a 
Maximum allowable variation in working area. 20 
_ Maximum temperature of heated air. 
entilation.—T specif cations required four changes of air per hour, og 
recirculated, with one , change of fresh air admitted and tempered. — Stale air Ps 


change. A heat transfer coefficient of 2 2. 00 was taken as the most probable for 7 


_ Heating.— —The pipe galleries were ¢ to > be h heated by direct radiation ; and 


the main building (except one room), by re- -circulated | air. The coteliine 


temperatures, , in degrees Fahrenheit, were: wid 


was to be exhausted from the floor, at the ends of the pipe galleries, at the 


“rate of 4 air change | per hr. a probable. air leakage of $ air change per hr 
from the building ° was due to ‘maintaining inside the building, by 
means of the fans, a slightly higher pressure t than normal atmospheric pressure. 


Re- circulated air was to be taken from the main roof at the center of the 
filter group and returned at the four intersections of the operating galleries, 


at the cross- galleries. Maximum permissible air velocities, i in feat ‘per 


‘The total heat required to maintain the main part of the building at an 
temperature of 50° with temperature outside, and with water 


at 32° Fi in the filters, was computed as 6 846 900 Btu per hr. | This heat loss 


was apportioned as shown in Table 2. The loss in the pipe galleries could — “% 
TABLE 2.—Heat Requirep To MAINTAIN THE Bumpine at 50 Decrees: 


FAHRENHEIT, WITH 0 FAHRENHEIT, ‘Ovrpoors 


ty = 


| Area, in British | Area,in | British 


| 526 690 9 360 | 508 000 
33 681 | 450 510 | 80.784 |2 586 000 
«ok 101 744 | 874 800 | Floor over conduits.| 960 | 131 400 


be estimated only approximately. Considering the exposed area of pipes as 
; condenser surface and estimating 1 air change per hr due to convection cur- : 
rents, a a total of 587 600 Btu ‘per hr» was ¢ computed as necessary to keep the 


t pipe galleries above 50° F, with vue at 32° F ‘in the plant, and the main 
= 


| 

— 

| 

AS 

im 

— 

io 

| 


| 


"The heating s surface required was computed on the bop of 5-lb steam 
pressure in the heaters and radiators. An allowance of a 2-lb- ‘pressure’ drop in 
the steam lines between the source of the steam (the low- -pressure side of the 


turbines in the generator room of the pow er plant) and the farthest heater, 


governed the sizes of steam pipes. > 


‘The heating equipment consisted of the following principal ‘units, com- 


plete with accessories: = 


7 a Four blower fans of 33 500 cu ft per min capacity of air at 70° 7" 
- against a back pressure of 7 in. of water, 
of cast-iron heaters having 2 064 s sq ft heating sur- 
_ face each, for re- air 408 s 


~ 
~ 


Building» 


sms re Four exhaust fans of 4000 eu ft per min capacity of air at 7 70° F 
against a back pressure of 0.3 in. of water. 
a 
— Twenty-eight radiators in pipe galleries, each ‘of 126-sq ft heating 

4 i Two vacuum return pumps for pipe- gallery radiation, each of re: 


ample for 5 000 sq ft of radiation. be 


The re- circulating pry air “heaters are installed in the spac e be 


US: 


neath the wash-water tanks i in the cross-monitors of the building. © Condensed 


a steam returns by gravity from the : air : heaters toa vacuum return pump ir in ‘the 
~— of the plant office, which is on the route back to the boilers. | a 
‘The steam n main to the air heaters in the monitors is installed on the roof 
of the Filter Building with the air- recirculating duct. The steam supply 
lines to the pipe galleries are placed along the walls of the galleries. | All 

steam lines and return lines are insulated with 85% magnesia pipe covering, 
-canvassed, exposed” ~part of the steam main on roof is a also. 
covered with a steel sheath. ¥ The heating system was installed during the 
interior finishing and was: completed soon after the was: 


— 


trades. construction was typical of of this 


be 


contains offices in front fon the filter plant superinten- 


a dent, the | power and p pumping plant superintendent, the clerical force, and a 
conference or re receiving room. ‘The r rear of the first floor contains locker 
rooms, shower rooms, and toilets ‘for - the plant workmen and operators, | as 

_ well asa time office and storage rooms. — - The second floor contains the filter 
plant laboratory, with offices for the chief chemist and bacteriologist. 
as, x Weir Chamber. —It was required that the effluent water level be maintained 
at a height sufficient to submerge the filter- effluent connections 1s and effluent: 
main conduits and to © operate the shunt system.* this purpose, a a cham- 


ber i is provided, at outlet wale of the filtered- effluent-main, conduits 


“Shunt System of Operating Filtered Water Reservoirs,’ by E. A. Hardin, es 


Record, Vol. 103, No. 26, December 26, 1929, p. 1011. 


— 
— 
ANT, DETROIT, MICHIGAN Papers No 
— wei 
Thi 
= 
— 
— 
4 
— 
— 
» 
— 
= 
— 
— jj under one general 
a flor 
shi 
Ing 
: du 
; 


NT, ‘DETROIT, MICHIG AN 


weir, at Elevation 119. 50, as show in n Fig. 

This chamber is of reinforced concrete construction. In to its 

‘ing functio n it Serves as - ieee for the plant office as well as providing 


—47' 


zo" > 420" 12" x 2'0" 
Column 15" x15" 

“L.-Stop Log Slot 8'0” Wide 

Box 


+ } 


a -Elev. 109.0 


Elev. 109.0 Elev. 104.57 fh 


Storage space for ‘spare parts, castings, ete. The two sections of of 
“reservoir weir are ‘built diagonally to gain length and also to converge th e 

ot ‘from the filter- -seal weir to the entrance of the conduits leading directly 


to the high- lift pumping plant. | A central division wall is provided : for use in 
off one: -half the plant. Openings in ‘this: division wall and in the 
reservoir- -weir walls (filled by stop- logs) ar are provided ty in by- 
* _ Two 9 by 9-ft conduits which run Cian the e weir ‘chamber me the west end 


- of the high- lift pumping plant, are designed to ec arry water direct to the pump- 


ing] plant. An 8 by 8-ft conduit conveys water from the south end of the weir 
chamber to the filtered-water reservoir. The conduits to the pumping plant 


take the “water that overflows the filter- seal weir, , while the reservoir con- 
duit takes the water that overflows the higher reservoir weir. 


__ The Shunt /System.— —The shunt system is a method of operating the high 


“Tift pumping plant so that about three- fourths of the total pumpage is drawn 
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directly from the filter plant at about yf ft above the level of the effluent- meat 


weir, 1 while > the remainder, ' which is taken on the daily peak, is drawn from the 
filtered-water reservoir at a level that may vary with the reservoir stage, from 
Elevation 120.0 to Elevation 108.0 Thus, considerable head on 


‘the suction side of the pumps is < conserved for most of the water ‘pumped. 
This is accomplished by dividing the pumping units into two groups with a 


- division wall in the suction gallery of the pumping plant. sf A small group at 
the remote end from the filter plant, comprising about one- fourth of the high- 
-—iift pumping capacity, ¢ draws from the reservoir through Gate Chamber No. 1 


and reservoir- -outlet conduits ‘connected to the east end of the pump suction 


- The weir chamber effects the division of the wa water at the filter plant by a 


| secondary weir, called the reservoir weir, , the crest of which As is high enough 


, without o overtopping the reservoir weir. The direct flow to the high- lift | pump- 
_ ing plant is taken off between these weirs . Thus, the entire | capacity output : 
of the filter plant may pass directly, to the high- lift pumps without affecting 
the reservoir levels at all. If the e pumps taking suction | direct from the filter 
plant do not require the full filter output, the effluent level rises until it over- 
_ tops the reservoir- weir crest at. Elevation 119.5, and the excess is discharged to 
the reservoir. During peak pumpage hours, the output of the high- lift 
‘plant i is more than that of the filter plant, pumps at the remote end are placed 
in service as required to meet the demand, and tl the pempege in excess of the 
filter ot output rate is taken from the reservoir. 
a convenience i1 in n operating the pumps, a water- ‘level gauge is is provided in in 
a“ - the weir chamber between the two weirs and a control level of about Elevation 
“119.5 50 ‘is maintained at this point. If this water level rises above Eleva- 
tion 119.5¢ 50, it is known that water is flowing into the ‘reservoir and that, if 
possible, », additional work by the p pumps » west of the ‘division wall is permis- 
- sible and less on the east side of the division wall is in order If the control 
water level falls to Elevation 119.0, or below, less pumping west of the: di- 
vision wall, and more, east of the division wall, is desirable. To safeguard the 
operation of the pumps and to insure suction water from the reservoir to all 
pumps in the high- lift: plant, flap-gates are provided in the suction- gallery 
division wall which rans opened by the pressure from the reservoir- -water side 
at any time the water level on the filter- plant side is below that on the reser- 


ore From the it is seen a that by the system the 1 main flow 


we - 


| 


4 


normally constant high level, ‘and he reservoir on a secondary Joop, or 
oor shunt, feeding a small group of pumps, normally isolated as to suction from 


the remainder of the station. ‘ Experience > with the shunt ; system at t the ‘Water- | 
| Works Park Station, (see Be, has shown that | it causes ‘no ineonvenience 


servoir group, as a pane 
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are put in service onl in peak hours and litt 
system, which works 2 j 
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9.5" 


Point “Velocity” 4 Eleva- Velocity | Loss | Eleva- 
in feet tion, | in feet ton, i 


| Entrance gates (two, 6 by 10 ft).... 2.70 | .95 0.25 
Intermediate gates (four, 6 by 10 @ 0.09 
| Outlet gates (three, 6 by 10ft)....| 1.80 | 0.05 | ...... 
7 Entrance to coagulation basins. . 0.75 «| «0.02 |...... 09 
conduit to gallery (12 by 20 ft).. 0.68 0. 08 
13 | Settled water conduit to Gallery 2 
| Filter influent header............ 0.7 1.0 Slight 


— 
Filter effluent main.............. -10.23 to 3.25) 0. 26 0.36 to 4.83 
¥ 
| Elevation above Detroit City $= | 
chamber (6 by 6-ft sluice-gate). . 2.15 | 0.20 0. 


on Elevation above Detroit City Da 


Filters (available operating head).. 9. ii” 
18 | Filter effluent piping and wide-open| _ al 


Heap Losses, AND Warer- ‘SURFACE 


“Maxmoum Capacity (306 


@ NorMat GRADIENT IN Up-StreEAM END OF ErFLUENT HEADER 


a 


7 Elevation above Detroit City Da- aly i« 


119.09 


Os 


Elevation above Detroit City Da-| 
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21 
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he computed velocities, head neni: 
and water- surface elevations s at governing points throughout the ‘plant 
* given in Table 3 for both a maximum- capacity flow of 306 000 000 gal daily, 
B and nd an average~ capacity flow of 210 000 00 000 gal daily. 7 For these computations 
7 it is assumed that the water- surface ve elevations in the filtered- water reservoir 
are less than 119.5. . When the reservoir is at higher r stages, ‘up to its s normal 
= -water level of Elevation 121. 00, the filter effluent levels will be raised 
correspondingly (except for the slight effect of the sation submergence of 
_ the effluent weir), thus reducing the available operating head of the filters 
at times of high water in the reservoir, 
Under -Drainage System and Main Drains for Plant.—The entire sub- b-grade 


area of the filtration plant : and reservoir is provided with drains for controlling 


the e elevation of the ground-water under the plant. drains of 6-in. 
- vitrified sewer pipe laid with open joints: in shallow trenches at the surface 


of the sub- -grade and surrounded by open gravel. — They are spaced approxi- 
andy Z, ft from center to center, located so as to clear the piling. Under 


- the coagulation basins and mixing chamber and under the floor- slabs of the 
filters there ‘is also a layer of open gravel about 4 in. thick for distributing 
_ the water between the drains. There is ‘To ) gravel layer between the drains | 
under the reservoir. There are” no. rains under the wall footings and the 
‘pipe galleries. In addition 1 to the under- drains s there i is also a belt drain of 
: - perforated, 12-in., cast-iron pipe laid ‘completely around each structure at the 
top ) of the + wall footings to intercept ground- water from the surrounding area. 
‘The drainage system under the structures constituting the filtration plant 
ss connected to the main drain from the plant by an overflow connection which | 
‘discharges: water when the level is above Elevation 118.5. It is expected that, 
usually, t there will be a flow from the drains due to ) leakage and g ground- water; 
to assure a ground~ water level at sufficient height to. cover the timber pile 
ing a water- supply connection is provided with a float- operated valve that 
admits 5 water to the drainage system when the level in it becomes less than 
Elevation 118. 5 (which is 4 ft above the top of the highest pile). 
The level in the reservoir drainage sys system is maintained at desired levels 
float-controlled sump pumps which discharge i into the sewer. 
‘Piltered- Water Reservoir —The reservoir for filtered water consists of two 
” gections, , each with a capacity of 20000000 gal, and each a rectangle, 455, ft 
long by 313 ft wide (interior dimensions). ¥ There will be a third ‘section, 
eventually, about the same size. Water flowing to o the reservoir is dis 
tributed to to ‘the se sections by a conduit, built along the north wall, which 
connected to the sections through a gate- -chamber in each ‘one and also. 
through an 1 additional -in. inlet valve in the east section. In each gate: 
chamber ‘are four ‘48-i -in. double-disk gate-valves, -hand-operated by geared 
floor stands with cranks. The water may enter or leave through th these valves. 
Flap check- valves | are placed on 1 the gate- -valve 0} openings in 1 such a manner oa 
the water flows in through the 2 valves on one side of the center baffle-wall and 7 
out through the valves on | the other side. _ By this means, water “may be cir- 


culated ‘through | the reservoir 


‘ah 
sections, if | desired. In ‘the east section, the 
-in. valve serves as the and two of -in. valves’ equipped with 
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RINGWELLS FILTRATION PLAN, DETROIT, MICHIGAN 


; flap- gates serve as the outlet, to produce circulation around the 


; Figs. 12 and 13 give the general plan and sections of the existing sections o 


, __ The reservoir is ¢ constructed of r of reinforced concrete of standard design. 
The walls are one- way slabs spanned vertically between the base and the 


ook, ~The roof and floor are of typical two- -way flat-slab_ with 
cylindrical columns ‘spaced 20 ft center to center both ways. 


The reservoir is completely back-filled and its roof is anne with 6 in all 
gravel and 18 in. of earth. It thus forms the ‘front- "yard area of the station 


and will be landscaped ‘and planted. is drawn from the reservoir to 
the pumps in the east end of the high- “lift pumping plant through two, 8- ft 
square, concrete conduits running from Gate Cham Chamber No. 1 to the east ‘end 


the suction gallery i in this pumping plant. liy a4 


General Plan and —In constructing the Springwells Filtra- 
tion Plant and Reservoir, the Board of Water Commissioners acted somewhat _ 
in the of general contractor. of the equipment, valves, sluice- 
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‘@uaeasive work and installation were let to building contractors and trades, 
equipment, ‘piping, castings, ete., being fu furnished. od. he reservoir was 
"constructed ‘under two contracts. The filtration plant ‘was constructed under 
eight seperate ‘major contracts: (1) Excavation and piling; (2) substructure 
f (mostly heavy concrete construction) ; (3) ‘superstructure of Filter Building; 
(4) electrical work in Filter Building; (5) plumbing, heating, and ventilating 
work in Filter Building; (6) Chemical Building, including alum- ‘handling 
equipment; (7) masonry facings of coagulation basins and mixing chamber 
; 5 and nd the construction of the superstructures of the drainage pump house and 
two gate-houses on the coagulation basins; and (8) complete construction of — 


the Office and Laboratory Building, == 8 


ro The operating tables in the filtration plant, the chlorinators and chlorine 


piping, the chlorine scales, chlorine hoist, pressure water ops and sump 


. The subdivision of the work resulted i in smaller contracts 2 and the letting of 
a work directly to the . proper trades. This eliminated considerable administra- 
tion cost from the actual contracts, but required | considerable administrative 

o on the e part of the Engineering Division of the Board (which handled 

> work) with attendant expense 1 reflected in the engineering cost figures, 
; shown i in | Table 4 discussed subsequently. It is believed that the savings in 
contract, ‘costs. s effected by this procedure considerably more than offset the 
increased administrative and engineering expense involved. Considerable 
in contract costs was obtained also by fully and 
the contract drawings upon which bids w were based, thus eliminating guesswork © 
on the part of the bidders and resulting i in low rand close bidding. Dividing 


the work 


this” manner expedited the construction since construction was 
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begun on the while the being for super- 
E structures and subsequent work. To schedule and expedite the various pur- 
chases and contracts” properly, in order prevent delays and to preserve 
harmonious working conditions where a number of ‘different contracts: were 
7 at under way on the limited area of the site, involved careful attention both to. 
preliminary planning and to the progress of the work. It also added 


— to the duties of the force. 


instruction or Delivery 


_ | Final Designs 


Specifications 
Award Contracts 
Construction 


i Bids 

Date of Contracts 


Plans and 
Advertise Take 


we 


Structure 

1 Filtered Water Reservoir, Section No. 1 
2 Filtration Plant, Foundations 

3 Filter Rate Controllers 
4 Filter Valves 

5 Filtration Plant, 
6 Special Castings — 

7 Filtered Water Reservoir, Section No. 2 
8 Filtration Plant, Superstructure 

9 Wash Water Pumps 
10 Alum Machines 

11 Chiorinators 

12 Filter Equipment, Sand and Gravel 

13 Office and Laboratory 

14 Drains, Sewers and Works 


15 Chemical Building 


“14. Process OF 


Oct. 10, 1931 


(b) Actua 


Progress Schedule. —Before any purchase was pom or contract prepared, 
= selmi progress schedule of the complete project was made as shown 
in Fig. 14(a) by which it was estimated that the plant might be placed in 


operation by June, schedule, of course, be followed 


schedule is similarly shown in Fig. 14(b). 
=e The construction was completed to ) the sie at which operation on of the filter 
plant would have been possible July i 1931, if the water demand had re 
a quired it. 4 However, since the drop in water demand resulting from the general : 
_ recession in business activity made the operation of the plant less urgent at & 


the time, an and since items of f work were desirable a1 and more 
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‘economical to be done before the plant was put in service, the actual operation > 


- was begun on October 10, 1931, about four months later than sche eduled. 

ea! Construction Methods. .—There was nothing particularly special or ‘peculiar 

‘about the construction of this project. Standard first-class construction 
_ methods» were used throughout. . Most of | the excavation was by drag-l -line e 

cavators: and ‘shovels. Piles” were driven by ordinary wooden skid 


Conerete was mixed in a central n mixing plant for each job transported 


5 to the forms by chutes, belt “conveyors, and industrial train, each | ontract 


making use of a different transporting ‘method. _ The x mixers were all of about 

1 cu yd capacity. The superstructure work w was typical of such construction. 

‘The major part of ‘the structural work, except. the excavation and pile- driving 


‘ for the Filter Plant, was done by two. contracting firms, the W. E. Wood Com- 


pany and the B Bryant and Detwiler ‘Company, of of Detroit, er, The erg 


ia top of the concrete 1 mixing ie a and show the ‘filtration | _* in succes- 


The principal problems a arose from the ‘magnitude of the be 
“project and the extent of the area covered by the plant structures, and w were 


mainly problems" of transportation. Approximately 18 acres ‘were occupied by 
- the actual structures themselves and large volumes of materials had to be 
handled conside erable distances. over this. construction area while 
arge pipe castings, valves, and pieces « of equipment had to be installed as the — 


: general idea of the ‘magnitude of the work may be obtained from ab: 


ollowing summary of the approximate quantities of the principal construction 
aterials that went ‘the Filtration Plant Reservoir: 


Excavation, in in cubic _yards. 


_ Timber bearing piling, in line feet... 


Concrete, in cubic yards. . 

forms, in square feet... 000 


we Structural steel, tons 120 


_ Gravel fill and drainage material, in cubic 15.000 
Tile under-drains, in linear feet............. 
Stone masonry, in cubic feet. 
Le Brick and tile ‘masonry, in cubic feet... 

a Terra cotta, in square feet. 

_ Steel sash, in square feet. 

Metal doors, in square feet..... 

Tar and gravel roofing (squares) . . 
Skylights, (vault type), i in square feet... 
Cork insulation, in square feet. . 

Comper, and in feet. . 


— 

J 

j 

| — 

— 

4 | is 

— 

| 
| 

4200000 — 

1 500 000 

a 
3 

fs 

Ii 

4 
Quarry tile floors, in square feet............... 22000. 
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SPRINGW 


SPRINGWELLS FILTRATION PLANT, DETROIT, 


Units constructed Adjust to based on 
1913 costs f ds the year 


Section 1: $541 478 | $258 585 | January 16, 1929......] $209.40 

Section ou --| .14055]| — 6 789 207.02 
226 382 sember 2, 1930.....| 196.86 

Section 160 181.35 
planting. and roadways) 400 000 | 235 300 = 


Sections 1, 2,and3: Equipment, in- 35 


oa 


a 
q 


cluding valves, pumps, and level 
gauges (installation of valves in- 36 
eluded in Items Nos, 1 a1 and 3).- 971 


Cont of Engineering: 3 37 
Section 3 a 


_ Estimated for supervision on Sec- 
‘tion 3 20 000 


Total cost of reservoir (60 mg capac-| 
i $1 471 044 


centage of total cost 
Total cost per million gallons capacity; 

dental expense, and contingencies .| $24 517 $12 698 


41 
Cost of engineering ($94577),inper-| | 


Foundation Work (Excavation and 
orce account labor and miscel-| 4) 
Contracts 604 754 April 30, 1930 


Handling Equipment, Heating, 
Ventilating, Plumbing, and Elec- 


trical Work: re 


Force account labor and miscel- 
laneous expense 
‘Basin Facings and Gate-Houses: 


on 


_ Force account labor 

Water conduits to and from penain j 
plant and reservoirs... 

Substructure by force account labor 1931.] 
Superstructure by contract October 20, 1931 

By force account labor. April-September, 1931. 
By contract 5 July: 10, 1920... ....... 


7 
_ valves and piping, installed....... $12 335 _ $7 214 | September 8, 1931. 
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Ttem 

No. 
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‘GWELLS FILTR 


Construction Cost =|, 


Adjust to of 
Unite constructed 1913 costs bids 


| 


wow 
nore 


October 21, 1929. 
135 970 65 903 | October 15, 1929...... 206.32 
| _ stalled (estimated) a0 0co 17 647 | (Future) 170 
Raw-water meters and gauges, in- 
9 326 


stalled 697 | November 11, 1930... 198.54 
Filtered water meters and gauges,| ~ 
installed Of 9.187 April, 1931. 191.63 
Water-level gauges and signal system, a 
installed 5] 8 303 | June, 1931 eyes 
Pressure piping in coagulation basins, 
installed 291 | May, 1 
Stop-logs and flash-boards, instelled. . 
Auxiliary equipment, including pres-|_ 
galleries, installed 104 
Sample pumps and piping...... 
Wash-water pumps and piping, in- 
Chioninat meters and 39 772 idy 15, 1930. 
including feeders, scales, and all 
| dosing lines, installed. . 098 March 31, 1931. “194. 
Total cost of Filtration Plant equip- 


o w 


Furer EQUIPMENT 


Filter operating tables, including pres- 
sure tubing, installed 
Filter Rate Controllers and Gauges: — 


"Delivered 95 March 6, 1929 


|{March 2, 1929.......)| 

Installed by contract 2 587 | July 10, 1929 

Filter Pi iping and Special Castings: 


; ee 998 | July 10, 1929......... 


37 345 | May 16, 1929. 
| aly 1 10, 1929. . 


4A 
| July 10, 1929... 
Delivered... 93 975 | January 16, 1931......| 194.48 
Installed by force account labor. . 2 fo 726 | July, 1931 ‘ 174.37 


Installed by force account labor. . . 766 May- 1931.. 178.74 
Sand for Twenty-Two Filters: 
305 24, 1931.. 194.51 
a 855 | May-September, 1931..| 178. 74 
‘ilter sand in place for forty-six filters 
(estimated) 37.000 | 21 765 | (Future)............. 


va cost of filter equipment, in-| 
| stalled $716 874 186 


struction, fully equipped..........|$4 401-622 2 170 585 


_ design, supervision, and administra- 
197 7 835. 


Total cost of Filtration Plant (300)| 
—_|__mad capacity) $4 811 140 |$2 368 420 


drain, sand-washing studies, pile 

testing, soil testing, and Toot load wobec. ena out 
898 $39 081 


November, 193, TR TION PLANT, DETROIT, MICHIGAN — 
TABLE (Contin — 

index 
Item| based on 4 

— 
39 
41 — 
| 45 201.77 
— 
« 
04.77 — 
49] Installed by contract.............] 10 603 204-77 

56 — 
— 

$2070 — 
109 


SPRINGW ELLS FILTRATION PLANT, DETROIT, MICHIGAN 


4—Continued. 


r 


‘Units ccnstousted Adjust to. to 

by Index | 

Number 


Engineering cost (percentage of totall | 

Experimental work cost in percentage 

of total cost 
Filtration Plant cost per million gal- pope 

lons daily capacity (exclusive of ag 
x experimental work) 


$16 037 «$7 895 


Foundation work p 7 $31 928 | $15 997 | September 2, 1930 $199 .58 
Building construction : 91 370 a 45 781 | | September 2 2, 1930 

Heating, ventilating, and plumbing. . 39 595 

Electrical work, including clocks and std 


fi 
| September 2, 1930... 
Laboratory equipment April 1, 1030.3. 


Engineering cost, including design, 
supervision, and administration....| heed 041 


74 | Total cost of Office and Laboratory] 
Building 550 $123 437 


Reservoir (60 mg capacity) ? $1 471 044 $761 853 
Filtration plant (300 mgd capacity). . ig 811 140 | 2 368 420 
Experimental work 80 898 | 39 O81 


247 550 | 123 437 


Total engineering cost (included in] 
___ Items Nos. 75 to 78) 


| 


‘ee 


as Before the | beginning of any construction work on this ; plant, | a Cost Ac- 


counting Bureau v was organized with competent clerks and bookkeepers to é 
a keep complete records of the actual cost of the various features of the work as 
is, nearly as could be obtained by independently taking ‘the time and material 


—_ used in the work and checking where possible with the contractors’ records. 


The costs of the main units of the plant as compiled from the account ledger | 


are given in ‘Table 4. — These costs represent not only the contract costs, but 


also all ‘costs incidental to the work, , including force account work done by 
direct labor. The « engineering costs include all design work, checking, prepara- 


tion of plans and | specifications, consulting architects’ - and mechancial engi- 


neers’ fees, printing of plans and “specifications, supervision of « construction, 
-time- keeping, ¢ clerical work, purchasing expense, checking of shop details, in- 


spection of materials, shop inspection, and general administration of the work. 
The cost of experimental work listed separately. For ease in “comparing” 
> > other projects the costs have : also. been. reduced to the basis as of the year 


1913 the construction cost index figures of the Engineering News 
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Plant » was done by the Filtration Bureau of ‘the Division of Stee 
formed | by the Board of Water Commissioners of Detroit for this purpose. 
This Division worked under the general superintendence of George H. Fenkell, 
M. Am. Soc. Cc. E. » General Manager and Chief Engineer, and F. A. Stephen- 


Water Supply. The 1 Filtration Bureau was s in the general charge of AL B = 
Morrill, M. Am. Soe. C. E., Assistant Engineer (F iltration), with the writer 
in charge of design, and J. W. Orton, Assoc. M. Am. Soc. [es 4 ‘heb 
Civil Engineer i in charge of construction. Mr. J. C. Thornton, Architect, was 
responsible for the architectural work, and the E. R. Little Company, Mechani- 
< cal Engineers, consulted on the heating and ventilating design. Mr. EL Ww. 
Frey, Accountant, had charge of the keeping of costs and records. _ 
The execution of this project has contributed to the progress of water 
practice: (1) In the development of knowledge of the flow 
= ‘coagulation basins and distributing inlet details by experimental modal investi- 
_ gation; (2) in the development of higher rates of filter washing and their 


Zz by sand expension; (3) in the conception and development of the shunt a 7 


system of operating filtered- -water reservoirs ; and (4) in 1 the improvement © of 2 
“details, such as low loss-of-head rate controllers, s summation of Venturi meters, 
perforated Pipe filter under- r-drains, and chemical handling equipment. 
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OF CIVIL ENGINEERS | 


MODIFYING 7 THE ‘PHYSIOGRAPHICAL B AL BALANCE 


| L. SONDEREGGER, M. AM. M. Soc. GB 


A. L. Sonpereccer,” M. Am. Soc. C. E. (by, letter) —More than gratify-_ 
ing have been the discussions in that they have brought out many points of — 
interest and importance i in stream control and conservation. — Like o—_ 

et of the ] paper, the discussions have covered a large range of thought ‘and 
observation. | Most of the discussers appreciate the necessity of a ert 

evaluation of the effect of modern works on natural p proces and 

physiographical balance. Engineering science has made great strides in the 


theoretical analysis of strains, stresses, and forces, and has succeeded i in cloth- 
ing important results of research in convenient formulas for the e ready use 
of a learned and profession. On the other hand, the study of 


‘natural "phenomena and a ‘correct appraisal thereof proves to be a mat- 
without reprimand by failure. Benes, i it pete ah be astonishing if subjects 
like the disturbance of the balance find more apprecia- 


débris production is touched upon by several -discussers. _ Mr. Lippincott’s 
discussion, is particularly | illuminating in this respect, in that it is supported 
by comparative data relative to the effect: of the vegetal cover in its natural | 
condition and after one or more burnings. concludes that ‘ ‘greater effort 
should be made than in the past to preserve the brush cover from fire.” 


ila 


WwW hile this i is a a desirable objective, it must be borne i in mind that the preserva- 


The importance of the water- cover on run-off and 


= tion of the brush cover over a long period of years promotes - the accumulation | 
° of highly inflammable materials which, when set on fire, are difficult of 
“Nore —The paper by A. Sonderegger, M. Am. Soc. E., was published 

ber, 1933, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 
March, 1934, by Messrs. Ba H. Chapman, and E. B. Debler; April, 1934, by Messrs. * 
_ Frank’. Bonner, and C. S. Jarvis; May, 1934, by Messrs. W. P. Rowe, and J. C. Stevens; 
1934, by Gerard Matthes, M. Am. Soe. and September, 1934, by Messrs. 

ote Received by the ‘Secretary ‘Septem er 18, 1934. 
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—_ Fires will continue to occur; in fact, with an ever growing popula- 
tion and greater facilities of access to the water- shed, the odds are in favor 


of an increasing fire hazard. Ot, tr: + 
‘These considerations may have induced Mr. Rowe’s point of view, namely, 
of periodical controlled burning. Possibly the ‘to this per- 
plexing problem is already found in the present policy of the responsible 
_ authorities, of maintaining efficient fire-fighting organizations and cheep 
the network of mountain roads which will permit the ‘rapid conveyance of 
 * and apparatus to strategical points while fires are in their incipiency. 
While - the number of fires. may continue to increase, the probabilities are 
that, with improved methods and damages will be 
confined to smaller areas. Thus, a system of rotation of burning may evolve 
which will eliminate “major conflagrations, a at the time relieving 
authorities of the risks and responsibilities that attend controlled burning. 


_ The La ‘Crescenta- “Montrose flood discussed by Messrs. Lippincott 


in, and referred to by others, has brought | out “several distinct facts bear- 
ing on the flood- control problem of Southern California: — (1) That brush fires 

; are a permanent menace at any point; . (2) that run-off from tributaries r may 
- assume such proportions as to overtax existing fl flood | channels of main streams; _ . 
- 4 (8) that ‘débris production from burnt- -over areas ‘may be of such magnitude 
a as to be a menace to foothill areas ; and to the storage space of flood- control | 
detention reservoirs ; and (4) that a material increase in the peak Gincharge 
3 i both water and débris may result from the failure of temporary , check dams 


Jarvis takes exception to the writer's ‘statement. that a permanent 


ay. decrease or increase of f 20% of the mean rainfall of semi- -arid areas might 


to “produce a even “under existing conditions. "The 
admitted that, the Southwest, eyelie “fluctuations « of seasonal 
ae rainfall in _the past, which resulted i in wet and dry periods « of 10 to 15 yr 


by of underground storage hide, over: large 
yielded abundant supplementary supplies for the relatively short period of 


droughts. - With a permanent reduction of 20% in the mean seasonal rain- 


fall, the periods of relatively low water supply would necessarily be extended ; 
and periods of recharge éorrespondingly shortened, leaving no doubt as to 
ultimate effect on the safe water yield of large areas, 9 


‘The natural vegetal cover of the water- ‘shed, as a le, is a fair index 
* the mean seasonal rainfall, expressed in the prevailing species, as well 
as. in the vigor and size of rg fact, with | some experience 


in appearance of water- receiving 12 in 


seasonal ‘rainfall i is enough to leave no > doubt | as to N “adjust: 
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ment to mean climatic Similarly, ¢ general topographic > condition 


i ‘must be the result of some combination of the effect of the controlling causes. = 
the latter undergo permanent changes, a reflection it in effect is inevitable. 
‘Nature, like the “mills of the Gods”, m may grind slowly, yet it grinds ex- 


Mr. Stevens’ standpoint is scarcely | justified ature’s adjustments: must 
be to some mean condition which “undergoes only gradual changes; ‘otherwise, 


human ‘settlement would be forced to make way to a nomadic existence. 


Exceptions to this rule, due to local disturbances by reason of floods, 


n Oo 


- storms, fires, etc., doubt take place, and may result in radical changes of 
_physiographical temporary, sometimes permanent — but they - 


effect a relatively insignificant portion of the inhabitable areas. 


Professor Chapman makes some ‘rather startling assertions in that 


the West by grasses ok herbage; 
equilibrium have taken place through _over- grazing; that over- 
grazing is the principal cause of modern arroyo formation and that the 


of now is of recent: origin; and (4) that historical 


It is not Ww within water- -shed of the Colorado 


‘River has reduced the grass carpet: over large e areas, thus promoting erosion, 
eA and | denudation. This phase has been discussed by Ralph & Meeker,” Assoc. 


- M. Am. Soe. C. E., and F. H. Olmsted,* M. Am. Soe. C. EL However, ‘it is 


questioned whether over- is a major phenomenon affecting ‘the physio- 
graphic balance of the West. po On the subject of the « origin n of silt the following | 
- quotation: from the > compre 1ensive study of silt production in the Colorado 


wr 


River water- shed | is ; submitted : 
ad “The | aridity of the climate and the consequent lack of vegetation is — 
one of the main causes. Because the territory is sparsely ‘settled, relatively 
climatic records have been kept, and in many the precipitation is 
not. known accurately. Roughly estimated, 40% of the total area of “the — : 
‘ basin has a precipitation of less than 10 inches ©. year, in 50 per cent 
‘fe precipitation ranges from 10 to 17 inches, and in the remaining 10 per 
g it is from 17 to 25 inches and higher in the high mountains. Fully one- 
‘= of the basin is either bare or but — with deser shrubs 
Relative to the silt production of the Green | ‘River and Upper Colorado, 


where the major grazing areas are located, as compared, with that of the Little | 

Colorado” and Juan ‘Rivers, data given the report” reveal a 
greater proportion « of silt in the water of the lower tributaries which drain 


: ! “Silt in the Colorado River and Its Relation to Irrigation’, by the late Samuel 
a Fortier, M. Am. Soc. C. E., and H. F. Blaney, Assoc. M. Am. Soc. Cc. E., Technical 
aay... “Gila River Flood Control”, 1919, Senate Doc. No. 436, 65th Cong., 3d Session. 
Technical Bulletin No. 67, U. S. Dept. of Agriculture, p. 
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Chapman’ s reference to the diary” of the explorer, James 1 M. 


tn in which the Gila and Colorado Rivers are described as clear streams, 
§ scarcely be accepted as conclusive historical evidence that the muddy 
appearance of these : streams is a modern phenomenon. Other historians have 
left records which ‘emphasize conditions | to the contrary. Quoting from 
S. Dellembaugh" who was a member of the Second Powell E 


through th Colorado River Canyon, in 1872: PRE 
Spanish explorer, de Ulloa, leaving from Acapulo, 
“aaa to a head of the Gulf of California where he made this observation—_ 


‘and thus sailing we always found more shallow water and the sea thick, 


“In 1609, Don Juan de Onate, traveling west from San J Juan on the 

Rio Grande via Zuni, ‘10 leagues beyond Moki, they crossed a stream flowing 7 
northwesterly which was called “Colorado” > from the color of its water.’ ’ This 


has been identified as ‘the 


ieut. Ww. the British Navy sailed up the Gulf of 


4 California and encountered ‘a vein of red water’ which oe proved to 


s ‘Southeastern Utah, was given the name Dery Devil’ from the c 7 
— 1869, Powell’s the at its mouth ‘small, 


4 The water tin the Colorado River, at Yuma, in 185 3] was highly 
- ; with fine red mud which gave it a decided red color and opacity. * * * 
The amount thus annually transported to the Gulf of California by this 


4 rae river ‘must | be very large, and very considerable additions to and alterations 

tag Last, but not least, the statement is. here presented that the Grand heen 
of the Colorado, cut to a depth of 1 mile into the plateau during: past ages, 
has" been the basic: cause for the degradation | of the tributaries and their 
water-sheds during ‘the same period, with the ¢g great Colorado Delta a ‘silent 

but potent witness to a process in which the works of Man _had no pert, web : 
_ The discussion by Mr. Bonner of the rate of débris production of rep- 


resentative streams, storage depletion through siltation, and annual silt 
production in the United States, illustrated in Tables 38, 4, 5, of 


‘interest and no doubt is widely appreciated by engineers: 


problems water supply, conservation, and flood control. Table 3, 
in particular, has filled a long- felt want relative to the silt load of streams in — 


that it covers a wide range of drainage areas, both as to size and geographical 


WN “The Romance of the Colorado River”, pp. 7, 78, 120, 215, and 218. 


Report of Explorations in "California, 1853, Senate Doc. No. 78, 334 
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location. The assumption of a mean weight of 85 lb per cu ft for alluvial | 
deposits a convenient justifiable ratio for “the establishment of the 


3 relation between weight and volume and for compe arison of. data when dif- 
ferent methods of measurement have been adopted. The compilation of 


: records of storage reserve depletion is gratifying i in that it demonstrates for a + 
large majority of cases a remarkably low rate of depletion. 
Reference has been “made. to the conditions on the South ‘Pacific slope 

form rather the exception to this rule. Because of steep gradients” of 

streame and, in many eases, unsuitable foundations, economic ‘reservoir s sites 

are few, and the: available storage capacity, almost without exception, is 
deficient for flood control. Flood regulation, therefore, remains imperfect, 
being | circumscribed by available detention storage. ‘ 2. On many streams, ‘the 

one practical reservoir site has been 

it has been adjusted to the peak flow. Although, un under 
[= of the water-shed ¢ cover, .débris production may not be a ‘disturbing 
factor, there remains t the ever-present danger of abnormal erosion from burned — 

7 areas. Under such conditions, a preconceived plan o of débris storage for the 
protection of water storage becomes imperative. 
Check Dams.—Mr. _ Jarvis comments on the the relative merits of high débris 
barriers and check dams for conservation projects. | Check dams: were an 
important feature in the La Crescenta-Montrose flood discussed by Mesers. 


These cheek dams w were of a a temporary type of. construction. had 


Angeles “County Flood Control Distriet several ‘years prior ‘to the fire. 
after the fire of November, 1933, other in n the 


a the State ‘Highwy to the ani of the canyon and from there in the rock 
formation to reaches of the creek. This work w was of such magnitude 


The criticism: has been advanced ‘that a use of ‘temporary struc- 
% — tures in the mountain | areas tends to create a false » sense of security on a 


effect, and the dangers inherent 


_been brought out by Mr. Debler. ah! — 


In this particular case, the released a 


qu uantity of débris y which, with permanent structures, might have remained 
_ in the mountains. However, with a subsequent flood, their efficiency would 


cs have been —- in- any case > because they would hi have been either con com- 
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_ that the problem of flood control had been satisfactorily solved: Asan added 
precaution, the Forestry Service had sowed a large parj of the burned-over a 
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checks, assumed its” 
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Check dams have been an element in the flood protection stats 
tion program of Southern California. Thousands have been built _and 
- those subjected to. “severe tests have failed, the popular faith in 
demand for this type of structure has not abated. 
The conception has been that check dams “hold the water in the mountains” “ 
future ‘release, affecting not only conservation, but also regulation of. 


flood flow. So firmly has this idea been entrenched in the public mind inn. - 


mo © MD 


check dams have lost their technical significance and in Southern 
= become a political issue. For this reason, it is considered justifiable to : y. 
= ‘some space to an analysis of the function of this type of structure. is 
__ As a flood-control feature check dams were proposed in Southern California — aad 
i din the capital floods of 1914 and 1916, the idea being to regulate the flow : ( 
of the: ‘mountain streams at the source. The prototype | of the check: dam 4 
system _was the débris barrier of the Swiss ‘Alps. id Unfortunately, in -apply- 
; ing the Swiss system to conditions in Southern California, the true function rr 
of the structures were misunderstood, and the guiding principles of con-— a 


struction disregarded. Ih the Alps, the barrier systems were utilized to 
control abornmal débris production in regions where the formation consists 
soft: Slates, _marls » and chalks, which easily -erodible. The Alpine 
were built of massive dry masonry, as a rule, with the: two top 
_ oereee of pointed rock laid in cement mortar, and were from’: 20 to 100 ft = 
in height. Particular « care was exercised to secure the foundation by build- 
4 ing on bed-rock, or by ‘providing - one or more stilling-basins as a protection. 


The purpose of these barriers is first to stop erosion of the stream b bed 


and then to cause the back-fill of the barrier and thereby | protect the adjacent 
slopes from undercutting and slides. After the slopes: are stabilized, they are 


_ further consolidated by planting. . The me massive type of dry masonry is well 
demonstrated in reports of Swiss. engineers on the improvement of mountain 
@ a ne the application of checks to Southern California conditions, the inten- 
se tion was primarily to regulate the flow of water during flood peaks and -to 
effect conservation by holding » water temporarily i in the back- fill of the dams. 
_ This was to be accomplished by the erection of systems of check dams of a 
_— height of 6 ft, distributed throughout the length of the stream bed. 
In some ‘canyons several hundred checks: were erected.  Débris control, or 
has not been considered the major objective. Mh 
original plan contemplated ‘the construction of dry masonry arches, 
built carefully to bring the arch action into play. i However, lack of skilled 7 
labor, unsuitable materials, and the a absence of proper foundations soon caused — 
a modification in design. Arches were abandoned, and the dry masonry 
generated into dry Tock walls, built by unskilled labor. Cases: are known 
in which, in the absence of suitable quarry rock, ‘boulders from the bed of ; 
the creek were used. ‘After numerous failures, the practice of wrapping 


structures with triangular wire netting was adopted, so that, to- day, 
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the strength | of the rock wall rests with the strength of the wire mesh. Large 
“Wildbachverbauungen und Flusskorrektionen in der Schweiz”, 1914, and Proceed- 
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tention has always been made that ‘these of te can be built for from oe to $50, - 


although experience has shown that they more that the cost of 
_wire-be rock check dams may | be : as high as $500, depending on on the 


stream flow, and ‘that the spacing | is more or arbitrary 1 The ystems, 4 


canyons, dams cannot be built in the ‘uppermost and steep: parts where the 
slopes 1 may be from 40 to 60 per 

 ~«t is apparent that the function of the barrier systems in Southern | 

is fundamentally ‘different from that in the Swiss Alps and, 
* furthermore, that the rugged construction of the latter has been abandoned 
_ for a comparatively fragile and unstable type. _ rary 
_—- Flood Regulation by Check Dams. —The popular view ew that “check dams 
7 hold the water in the rocky. formation o of mountains” may may be explained by 
- the erroneous concept that the time consumed i in transit of: the water from the 
water- shed to the valley is ‘materially increased. It should ‘be clear that 
checks: do not affect the rate at which water collects from the | canyon slopes 
that _ the period of of retardation is determined mainly by the he amount of 


channel storage > within the checked area. 


= and, hence, a material reduction of the peak flow. AY first requirement 
a is that the height of check dams is in correct proportion to the depth | of 
overflow Fig. 5(a)). Next, comes the spacing of check dams which is 
_ determined theoretically by the point of intersection of the original slope — 
: (20%) with the slope of the back-fill of the check (5%). In other words, the 7 
| must be a function (a) of the height of the check; (b) of the original Zz 7 
gradient of the stream ; “and (c) of the gradient ; normally assumed by the 
back-fill material. This proportioning holds” for a depth of overflow which 
. will produce a free fall and a di destruction of the energy by fall and turbulence. a 
However, if ‘the “depth of overflow is such as to cause the check to act as q 
a submerged weir, the effect: of the drop is largely lost. This, for example, ran 


was the case: with some of the check dams in in the La ‘Crescenta- -Montrose 


© =: 


area (see Fig. 5(0)). | 


4 Aside from any question of design, regulation is a function of the total 
reduction in velocity during peak periods. This reduction results from 
5 decrease in n gradient, greater width of channel, and loss of energy at. the 
drops. Theoretically, the reduction of t the gradient from 20% ‘to! 5% 
i § the mean 1 velocity by about one- -third; the flat section above 
e F J checks tends further to retard the flow, while the increased depth of shal 
I in the narrower parts of the channel below the check increases the theoretical 
e = adient. ‘The r resulting channel storage will be in 2 proportion | to the length — 


the checked section and the reduction of velocity. 
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(ON PHYSIOGRAPHICAL | BALANCE Discussions 


a 
Apparently, the efficient reduction gradient compatible with 


economy would result from high barriers spaced correspondingly, for” the 
reason that the ‘narrow section of the channel would be only a small 


of the total length between checks, ‘leaving a large stretch for the adjust- 


, 


Water Surface 


puss 
— Check Dams Acting As Submerged Weirs 


40 


‘ment of velocities. With of of a height of 20 ft, or more, the width 


of channel at the check would probably be in excess of 50 ft. Under such 
channel storage would attain a maximum. 


nd Assume the theoretical case of a canyon being visited te rain of 
maximum intensity. In ‘such an event, the hydrograph of 
canyon would assume the line, (A-B, shown in Fig. 6, with a peak discharge 
by Line B-C and the run out by Line C-D, the period of the 


“comes longer and if eak is beyond Point C, it oil also be 
indicated other words, , factors remaining 
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equal, . ‘the shorter t the t time represented by Line id (that is, the duration of 
“the storm), the greater the probability that: checking would be effective. 
On the other hand, ‘if the duration of the storm | represented by the dis- 


and the peak flow, B- C, are extended beyond B, checking would 


of shorter - duration. In : any case, the delay ¢ could not be longer than the 
ao. in time ai transit for the water from the upper end of the canyon 


effect of. checking can best be explained by an example. Assume a 
mountain stream with hydraulic properties, as given in Table 10. “While 


the total - difference in channel storage is 100 000 cu ft, the proportion of 


TABLE 10.—H yor. AU ROPERTIE ES OF AN . AssumED Mountain § STREAM 


Descriptio Unchecked Checked 


Peak flow, in Cubic Feet 5 per Second: 
Upper end 
Lower end. 


Upper end 
Lower end 


Channel storage, in cubic feet | 250 000 


flow prior to ‘the period of intense rainfall and, be 
a ‘portion of the 100 000 cu ft. Furthermore, if the time of the peak dis- 
Bagh exceeds 833 sec, the maximum flow at the canyon mouth remains ‘the 


in both instances, 


Southern California, the small tributary canyons, in which are. 
ss placed, are short, ranging in length from 4 mile to 14 miles, with gradients 
of from 10 to 40%; hence, velocities are high and time of transit relatively 
short—probably less than 30 min for severe storms. ‘Cases are: recorded 
where» two ) periods of intense rainfall occurred at short intervals. ‘Under such 
conditions the second peak might catch up with the delayed first peak of a 


checked resulting i in a greater flood would happen under natural 


» hth difficulty in estimating the 1e effect of ‘check dams lies in the lack of 
data as to” the intensity and duration of storms. is unwise, 
_ therefore, to place too ‘much, if any, reliance on the effective fi flood protection — 
by systems of checks, even if properly designed and constructed. In fact, 
= is the writer’s opinion that, during capital floods, conditions may be such - 
to render ‘Tegulation by check dams ineffective. | 


Water Conservation by Chech Dams. —In an appraisal of the 


made between st streams on bed-rock and those on an alluvial 


ee Mountain streams issuing from bed-rock canyons act essentially as drains, 


intercepting the je water which  percolates down the slopes in fissures, “cracks, 
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“as 


the stream | will be the unabsorbed water. This ‘function of the 

stream as a drain is ‘not changed by the construction of a series 

dams, except that the ‘débris: behind the checks will hold some of the 


‘temporarily, which then will be exposed to evaporation from the saturated 
mass, or will promote plant growth. Absorption into deep- seated fissures is 


assisted by this process only toa a small extent. 
stream ‘flowing on “porous alluvium, with water- table at effective 


a depths, is naturally a losing stream. If checked by a system of dams, absorp-_ 


_ tion | will i increase in proportion to the additional width of the wetted perimeter. 


In both cases checks should be credited with the storage i in the débris which, - 


although small, nevertheless remains an element to be considered. How- 
débris storage and “its water capacity increase than the 


square: of height of the dam; hence, conservation favors the higher dams. 

_ Summarizing on the relative merits of low and high check dams, it is 

‘concluded that for. the consolidation of the stream bed in an erodible forma- _ 

tion, low checks or fixed sills offer a satisfactory solution ; that for débris_ 

_ storage, the consolidation of. slopes, and, for conservation, high barriers - may 


- found to be more efficient; ‘and that for purposes of regulation , barriers 


5 


with negligible water storage cannot be relied upon at times of critical 


on the over- areas of a ‘stream, such areas are 
_ definitely zoned as dangerous for habitation, , destruction of human life and 

Design of Check Dams.—To be effective check dams must have a height 
in | proper relation: (a) To the depth of overflow ; to the gradient 
‘assumed by the stored débris; and (c) to the distance between checks. Leoull 


ha matters would be taken into consideration were the » problem « one of designing 


a small number of high barriers; 3 yet they are equally important with small 
‘Another feature of the design would be the correct thickness « of the dam 
‘ebenien to the overflow wherein: must be considered such forces or combined 
forces as extreme high water, débris, and mud flow, resulting in an extremely 
high specific gravity for the material passing over the dam and the impact 
of large rocks. Depending on - the “magnitude o of slides, the stream may 
become temporarily blocked or dammed until a small lake is formed. When) 
slides are topped they | may be released suddenly, advancing down 
the canyon as a mud-flow or débris wave. Such conditions were observed in the 
‘La Crescenta- -Montrose flood. withstand such forces in steep mountain 
canyons will require structures quite different from. a dam consisting of 
loosely ‘piled rock “wrapped with triangular wire netting. ty 


- The conclusion ‘is reached that in order to be permanent a 6 ft check 


dam must be constructed to withstand strains and forces out of proportion 


: to ‘its ‘size, and, therefore, if properly built, will prove | likely to be the most 
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expensive type of control works instead of the cheapest, as has often been — 
of the paper necessarily centered on on conditions in the 
rid Southwest. The writer is indebted to Mr. Matthes for his comparison ase 
= the p problem in Eastern and Western streams. Attention is called toa 
paper” by Mr. Matthes, which bears on certain phases of 


ae 


i It was the purpose of this p paper to awaken the dita 3 of ‘the. 
‘Engineering Profession the dangers accompanying the disturban 
= physiographic balance. The interest thus aroused is gratifying. 


_  &*“Floods and Their Economic Importance”, National Research Council, Transactions, na 
Geophysical Union, Pt. II, 1984, p. 427, 
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APPROACH TO DETERMINATE 


and procedure outlined, in a paper™ by L L. Am. Soe. ©. 
are correct, the author has presented an ingenuous method for the deter 
mination of stream Gow, which utilizes some of the factors occurring in the | 


< writers’ formulas.” . The method ¢ constitutes a an approach to the construction 


available. Engineers i in general, and “the: writers in ‘fally ap- 

the value | of any thoug ghts, data, or methods ‘that tend to advance 

Previously, in his discussion of the writers’ paper,” * the author had 

- separated and combined the run-off factors pertaining strictly to the drainage — 
area from those influenced more directly by rainfall. This combination, Equa- 

tion (1), omits the three r remaining run-off factors, C, A, and Ru, contained 


the general run-off equation.” 
There: can | be no doubt: that Equation (1) may serve as ; 


wy 


‘The author , through tts use, already ‘presented “valuable data con- 
sideration by the profession. " ‘There has arisen in the minds of the writers, 
however, oan as to the wisdom of using Equation (1) in a procedure 


f ‘Nore. —The paper by Merrill M. Bernard, Mz. Am. Soc. C. EB., was published in Jan- 
5 uary, 1934, Proceedings. Discussion in this paper has appeared in Proceedings, as fol- 
: lows March, 1934, by C. S. Jarvis, ‘M. Am. Soc. C. E.; April, —* by LeRoy K. 
- Sherman, M. Am. Soc. C. E.; May, 1934, by W. W. Horner, M. "Am. Soc. C. ; and Septem- 
ber, 1934, by Messrs. C. H. Hiffert and ‘Charles S. Bennett. 


ars Chf. Insp., County of Los Angeles. Storm Drain Div., Los Angeles, Calif. : 
2A Received by the Secretary July 30, 
teem Rainfall by Unit Graph Method”, Engineering News-Record, 


Transactions, Am. Soc. C. E., (1982), | 
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based on | hypotheses that inherently prohibit. ‘consideration of changes 


‘the hydrograph due to “differences: in the magnitudes of storm intensities. 
Inv his paper, = Mr. Sherman states, “for the same drainage area, how- 


ever, there is a definite total flood period corresponding to a given rainfall, 


all one- rainfalls, will” give the same length 


not be true, : since a 1 difference in ‘the magnitude of given 
time period would alter the quantity of water flowing 
the time of and the relative and length the 


Poe 


4 
For like reasons, others, inspection leads to. the 


Mr Sherman's ‘Fig. 1 and the he equations immediately following 


rea to cause -off. “Therein exists a a ‘disregard. of the fundamental. 


principle that the velocity of flow of water streams and channels is a 


_ function o of the quantity flowing. 


The : author’ s method embodies the u unit- -graph procedure ¢ as veiadiaaiies ta 

a It is comparatively easy to make or to deny assertions, but sometimes i 


difficult a nd tedious to prove their truth or falsity. The purpose of this 
cussion is to test the fundamentality o of f the procedure that the author follows 


AR 
in his method and to arrive at some “measure of its departure from the 
in the construction of hydrographs. | 


be To ascertain the effect on a stream hydrograph due solely toa difference 
hes the quantity of water running requires the complete ‘elimination of all nie 


variables with the exception of intensity of precipitation. Due to 
many and varying factors and conditions contributing to flow of a drainage 
area, it is almost impossible to find a ‘single experiment wherein all variables — 


r 


For their purpose the writers have chosen a hypothetica area; 


which tend only to confuse the issue. 2 


Consider a triangular water- shed” with streams concentrating along lateral 


1es to the ‘main channel of flow, to be divided, as in Fig. into time-_ 

contours, all points on which are equi-distant in time from the outlet. 
Assume 4 5 3), Then for the water- shed | length, L 


= Kai, 


a formula ‘derived by the writers" 


Qi. 


—— 


Am. Soc. C. E., Vol. 1068, Fig. 5(a@). 
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= KE, Qi: = 0.3944 Qt (which is the assuming that 


a ae has been shown® that for a , triangular v water-shed of which Fig. 7 


i special case, , subjected to a uniform intensity, the value of = 05, 


me va t, the -off coefficient being assumed as constant. 
and ya Qk, then ¢ a or Q er simplify -com- 
eliminate confusion, the run- -off is assumed 


TARE 


: ‘Time in Days 
ria. 8.—COMPARATIVE HypROGRAPHS, Case 1 AND 


_ the water from Area ACB, Fig. 4 


‘be first to contribute its” maximum rate of Tun- “off. If it 


Case 1 —Assume a uniform intensity of in. ‘per hr throughout the 


of ‘concentration of the entire area, and assign values” to 
: he area and its | subdivisions. | _ The hydrograph for the period of concentra. 


: days, being shown in the ‘Part of the graph to the left of the > peak dis- 
charge point in Fig. 8 (“Case 1, Calculated ‘True Graph”). 


Case 1(a) the rain ceases the full area much 
water will be left on the | shed in transit to the outlet. _ Its measure is is easily 


F= = = 4.02, with | S = 0.5, or other combinations of these factors), re a 


being a constant. volume of water has passed the outlet at the 
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time the full : area concentrates, is, 


y 


in which, = time of concentration. Since Qmax t= (Ke = K, = the 
of all rain: that fell, one- fifth of the water has passed the outlet. 
and four- fifths remains on the shed. ‘Thus, using the data opposite the area, 


i ON, of Table 6(a), the quantity remaining on the shed, in millions of 


X 6.250.000 x 193.200 = 966 000, 


ou 


TABLE ror on HyprocraPH FROM Broinnina or Ra 


Values of area, | _ } “oubio feet | 
(ne Fig. 7) A, in nares: per! second | feet ond 


ACB 1000000 | 380 800 000 «4.41 86 
Se DFE | 4000000 | 761600 | 1000000 | 6.24 122 000 | 1.414 _. 
GIH 000 000 142 400 2225000 | 7.64 149 500 = 
000 000 1 523 200 4 000 000 8.82 172 700 2.00 
MON | 25 000 000 1 904 000 6 250 000 9.86 193 200 2.236 


250 000 | 190 400 15 625 2,205 «| 86400 | 1. 

4 000 000 761 600 250 000 | 4.41 172 700 

000 000 1 142 400 _ 565 000 5.40 100 

6 000 000 | 1 523 200 6 244 000 | - 
25 000 000 | 1 904 000 6 3 1623 ' 


“a 


1 000 000° 
562 500 


‘975. | 272 800 


The distribution of the water remaining on on the shed at the time of con- 
; "centration of the entire area may be ascertained by the following procedure: 3 os q i 


Find the quantities that have “passed the various time- contour Hines ‘during 


time of the rain. From the total rain, falling on the area above a 


i 


‘given time- contour during» the period, the. quantity. passed, the 


remainder being the quantity left on the area. 


For example, consider the time- contour, DFE (Fig. the end of 


the first day of the rain, Area GIHEFD (A = 5 000 000 acres; Q | 


= 1000000 
4 


cu ft per sec) was contributing its ‘maximum quantity “Veo. the contour. 

UBB At the end of 1414 days of rain, Area JLKEFD (A = 12 000 000 yaeres; | 
Q= 3 000 000 eu ft per r sec) was contributing its maximum. The entire 
ly area (a= = 21 000 000 acres; Q = Smoot 250 000 cu ft per sec) dani the time- ts = 
7 contour was contributing its maximum after 1.73 days of rain. The 

7 times of « concentration, to the time-contour, of the three areas are determined es 

9) rom, and are the same as, those for the respective parts of the areas con- 

ig tributing to ‘the main channel between FI, FL, and FO (see Fig. 7). In ‘i _ 
he | Table 4 (a), showing Ave and quantities to the time of concentration to ree — 
this” time-contour, DFE, the values of Q’ correspond to time-rendering 

J areas, the time been calculated from ‘Equation (9) with substitution 


ix 
— 
ore 
= 
MON | = 


of data opposite Area ACB, Table ot or, the time ‘of concentration, 
¢ 
0.08472 


Flow, in Millions of Cubic Feet Flow, in Millions of Cubic Feet | 


per Second Time, | perSecond Time, 


1.73 
= x = 


Table 7 ABC, “represents of “water that had 
passed the time- contour, DFE (Fig. to the time (1.73 days) the area 


- gbove it had contributed its maximum run-off. . This maximum rate of flow — 


te. 


1. 
Fic. GRaPHs, Case 1. 


of concentration of the entire area. Henee, “the ‘total water 
the time during the period of rain (2. 236 days) is ‘equal to 
_ the summation of the area (ACB) under the curve and the rectangle, BCDE. 
In like manner data were calculated for other time- contours and plotted = 
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‘Fig. ‘The various yus contours are represented by their 

maximum > Q -values. In ' Table 8(a) these maximum Q- -values_ are shown 
opposite the quantities, ‘passed. and left on th the water- shed above, 


TABLE 8. OF Lert ‘ox 4 Warer- Suep aT ‘THE 


Flow, in Muttions or Cusic Furr or Cusic ‘Farr 
oubic feet | | Quantity || cubic feet uantity 
second Total Quantity deft on per second Quantity left on 


6.25 | 1 207 500] 241 500 | 966 000° 
1 159 000 | 377 000 | 782 000 
5. 000 | 570 000 
4 ~ | 774 000 | 431 000 | 343 000 
1 
0 


426 900 85 400 341 500 
410 000 134 400° 600 


25 000 500 132 500 || 

‘41 | 273000| 209300 | 63 700 

49 | 94600} 81 900 


0.046875 | 133650 | 1 190 
0.078125 129 600 2090 
0.140625 113 400 
0.203125 | 86400 | 5 690 
0.265625 | 48 600 | 
0.296875 | 25 650 400 


4 134 730 
132 


0.1225 10 580 
0.012475 1 


mm 


_ "When a given value of Q (Column (1), Table 8(a)) has reached the out- 
Fs its corresponding quantity (Column (4) ‘Table 8(a)) will remain on the 


| 


-water- shed. If, therefore, a quantity (Column (4), Table 8(a)) is subtracted 
from t the total quantity left on the entire water- shed at its ‘time | of concen- 
tration ‘(shown hereinbefore to be 966 000 millions of. cubic feet), ‘the 


remainder will represent the quantity that has passed the out- 
a let when the corresponding Q- -value arrives, 


These quantities, together with their corresponding Q-values, were cused 
to construct the outflow curve as plotted to the right of the peak discharge 


Fig. 8 (“Calculated Graph”). ‘This ‘curve of Fig. 8 ‘represents a true 
hydrograph of the water- for ‘the assumptions used, the area under 
“the curve to the left. of the peak discharge being one- -fifth the total outflow 


of water and that to the right, four- fifths, 


—Assume a uniform intensity -fourth that of 1, or as ir 


Graph”) plotted from Table 6(b). Note that the time of. concentration 
the entire area (with the ‘Bight intensity) is approximately 1. 4 times as 


long as that for the higher one. to soils: 000 


period of concentration is ap shown in Fig. 8 (“Case 2 2, Caleulated True 


“a 


— 
— 
4 
— 
— 
— 
110 | 273 000 000 (121 0000 q 
‘5625 | 153.600 | 106 900 | 467000 
0.3595. 96 500 | 73800 | 22700 ~ 
0.1995 | 33 500 | 29 900 | 500 
0.012475 | 3410 | 3260 | 
0.25 400 500 000 127 510 - 4 
453 600 | 32.600 | 421 000 109 530 
1.75 | 345 600| 47100 | 298 500 ‘ono 
75 194 400 | 61 400 | 133 000 41 
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Case 2(a) the rain ceases: when. the full area concentrates, the same 


process is used in computing the data as for Case 1(a). _ The difference in 
results i is due solely to the use of a lower intensity. Table 8(b) and Fig. 


are to be compared with Table | 8(a) and Fig. 9, respectively, of Case 
The hydrograph is plotted in Fig. 8 and is labeled “Case 2, Calculated True 


0.020 


ao 


~ 
wr 


‘alues of Q, in Millions of cu ft per sec 


= a 

q 


th 
oan 
= 
Time in Days Time in Days mabe 
Equation a2) replaces ‘Equation (11) ‘of Case 1(a) since of ? 
data of Table 6(b) in Equation (9) renders: «= 
—One- Day “Duration of Rain; AU Other Assumptions Identical 4 
with: Case 1 —The ‘procedure used i ‘the solution for this. case differs suf- 
ficiently that for Case. 1 to warrant a brief. explanation. Note (see 
: 6(a) and Fig. that the area, ACB = = 000 000 acres, concentrates. 
i= 


a] toa maximum rate of run- -off of 250 000 cu ft per sec at the end of the first 
day of rain. ‘During this period one-fifth the water that fell on this area 


had passed 1 the outlet and four- fifths was left on the water- shed at ‘the end 4 
the day—from Equations (9) and (10). Thus, the ‘total rainfall 
ee de Q . = 250 000 x 86 400 = = 21 600 millions of cubic feet, of 


yas 


which 4 300 ‘and 1 300° millions had passed the outlet and remained or on the 
_ water- -shed, ‘Tespectively ; but, the total rainfall on the entire water-shed ol 

the 1-day ‘per = 6 250 000 86 


{ 
540 000 of ‘cubic feet. Therefore, the quantity remaining on the 
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-entire water-shed a t the end of the fir first day of rain = 540000 — 4320 


ie At the instant the ‘rainfall ceases, the same rate of run-off, 250 000 cu ft 
_~iper sec, will prevail at all points between L and P of Fig. 7. At this instant 


a4 
~ 


0 

‘ ee 004 0.10 0.14 01 ia 
4 


0 
i 


1.00 
3 0.50 


maximum Q- values. to the -time- | DFE, GIH, 
JLK, are due to contributions from Areas DACBEF, GDPFEHI, 


 JGIHKL, and MJLKNO, respectively. 


0.25 
i= 


= 


o 


4 
4 
wets. 
Time in Days | 
30.2 


Ly 


‘to ‘Fro, 12. —EXPLANATORY GRAPHS, CasE 4, 


> 


The quantity of water that has passed : a given time-contour. during the 
1-day rain may be ascertained as illustrated by the example, which follows: 
the time- contour, (Fig. Divide the tributary’ area 


q = 
| 
— 
> 
— 
— 
7 
_ 
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(5 000 000 acres) into ‘gub- contours, , and the respective values of 
and as illustrated under ¢ As before, the time found 


In Fig. the area, “ABC, Curve. AB, represents the “quantity, 


wi 
di of water having passed the time- -contour, DFE, 4 during t the day’ ’s rain, 
If this is deducted from the total rainfall on the water-shed. above the 1, 
contour, the result will be the quantity ‘eft on at of 
In Table 8(c) values are given for the total rainfalls on the area above, 
the quantities passed, and those left on the water- shed above, the 
time-contours as “represented by their respective maximum Q- -values. 


~~ 


4; 


= 1.25 = 
1B. 
RUS 
75 
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FEN 


en 


WS 


"shed when its corresponding -value (Column Table arrives 
outlet. -Henee, if a given quantity of Column (4) is deducted from 
the total quantity | of water on the water- “shed at the end of the rain (shown 
hereinbefore to be 535 700 millions of ‘cubic feet), the result will be the. 


2) As before, a given uantity (Column (4), Table 8(c)) 9 will ‘still be on the 


Benge that has subsequently passed the o outlet when the "corresponding 
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7 a These quantities, with their corresponding Q-values, are plotted in Fig. 12 
Case 3, ‘Calculated True Graph’ which ‘Fepresents a true hydrograph 

the assumptions of Case 3. 

Case ‘4—One- e-Day Duration of Sain ; AU Other Assumpti 

with Case 2—Following the procedure outlined for ¢ Case Table 
“Rig. 13 ‘were ‘constructed, due consideration being given to the effects of the 
lower intensity. These data are to be ‘compared with Table 8(c) and Fig. 
j of Case 3, ‘respectively. The _ hydrograph (see Case 4, “Calculated True 
7 | Graph”) ‘platted i in Fig. 12, is : to be > compared \ with that for | Case 3, Fig. 12. 
Comparisons.— ‘The hydrograph (see “Calculated Graph”), for 
i Cases 3 and 4, may be compared directly ‘a study of Fig. 12. The 
‘two graphs differ radically both in length and in shape. They be used 
to ‘construct graphs” following ‘Mr. Sherman’s procedure as outlined | for 
Fig. 1 of the “Unit- Graph Method™. M: Marked differences in results will 


rate o of run- n-off, and these so > constructed, are 

| ‘compared with | the hydrographs of ‘Fig. (see “Calculated ‘True- 

Graphs”), ‘more complete ‘idea as to the e magnitude of errors ‘resulting 
from: disregard of fundamentals may be gained. Conversions to the unit- 
method are omitted herein in order to conserve space, 
The. distribution graph method, as proposed by the author, i is more 
pertinent to this discussion; and for t the purpose of making comparisons, — 
| data for constructing a distribution graph were selected from the hydro- . 
graph « of Fig. 8 (see Case 1, “Calculated ‘True Graph”). . These data are 


GrapH For Case 1, Fic. 8 


Total Discharge = 1207500 ‘Millions of Cubic Feet) 


Laren 


Day 
hy 


Discharge, in millions Approximate percent-// | Discharge, in millions|APProximate percent- 
ef cubic feet of total discharge|| Day | ‘of cubic feet Of totaldischarge 


864 30.2 


9 800 


oh The distribution graph of Table 9 was then applied to Cases 1, 2, 3, and 4, 
“using the data for _Tainfall assumed herein and following the author 


40.7 


method, as exemplified in his Table 3. ‘The results shown in ‘Table 10 
- and the reproduced hydrographs are plotted i in ‘Figs. 8 8 and 12, as ‘represented _ 
= by the dashed | curves. . Little comment is necessary. _ Comparisons may be 


made ‘directly with the calculated true hydrographs a as platted on the seme 


teers, In each case the variation is due to solely to the complete dis- Ht: 


ing 


iim 
— 
4 
— 
— 
— 
— 
— 
— 
3 
— 
a 7 133 500 a 
; 3 492 000 — 
— 
12 
— 
— 
— 
— 
— 


we GREGORY AND AR ARNOLD ON DETERMINATE STREAM FLOW _ row Discusion 
= 


2 8 4 6&6 6) 

finches | (0.4 11.1 40.7 30.2 14.3 3.3 inahes'| feet er 


6. 00 0.024 0.024 «0.025 
0.666 | 0.695 

2.442 | 2.546 

1.812 | 1.890 

0.858 | 0.895 

0.198 


whom 


<a 


0.006 | 
0.006; 


Li 


* from Fig. 8 Case 1, ‘‘ Calculated True Graph. 


- The variation incidental to— the choice of the time- unit may be obviated 


by plotting the “ordinates of the calculated true graphs in terms of the 
& flow, Q, per day. ‘The resulting curv ves (plotted | by the writers, 
but not published herein) still. show marked variations from “the -distribu- 


Senate (a). —The water-shed selected, its size, shape, and manner of 
: concentration, together with assumptions for intensity and characteristics, 
which h rendered the foregoing ‘variations, was chosen merely for the purpose 


at definite “results for use in “comparisons. Another 


varying in the same general direction. . Pondage, channel constrictions, | and 


the existence of water in the channels immediately before the rains would 


ariations less marked. 
On ‘the other hand, _perviousness of the area, causing a greater difference 


in the ratio . of “resulting run- -offs than that— of applied intensities, would 


increase the variations above those obtained for the ‘impervi iow 
oh Sait _ Any method or system, proposed for devising hydrographs, should at ‘east 
nbody its scope ‘the opportunity, for designers to use their judgment 


the off of factors and -relation® 


— 
a 
| 
— q 
fu 
as 
-006 | 0.006— | 
| 1-500 | 0.008 | 0.006 | 0.611 | 0.610 | 0.636 
1.500 | 0.611 | 0.167 | 0.006 0.001 | 1.231 | 1.284 | | 01014 0.225 
4 | 0.244 | 0.453 0.453 | 0-611 | 0.027 | 1 ‘818 | 07350 | 0:050 | 0:050 | 0.052 
q | | 0.008 | 0.008 | 0.008 ti 
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Conclusion (b) .—The procedure, followed in the foregoing 
computations fi for the calculated true e graphs of Figs. 8 and 12, , although — 
utilized special cases, for the | purpose ‘of obtaining “results to be used 
in making comparisons with those of the author’s method, may serve as a 
guide in the determination of hydrographs for points on streams where 
adequate flow records are not available. A few more comments may serve 

further: to clarify the applicability of this procedure to any water-shed. 
rr Usually, it will be desired in such cases to consider a rain that lasts as 
long as as the time ‘of concentration of the area. The time of concentration 


to the 2 maximum rate of run-off and the resulting average intensity for the 
assumptions may be ascertained through use of writerw’ formulas and 


Any alterations of these times and intensities, due to Pondage o or sail 
delays, will, depend, of course, on the judgment of the designer, as guided 


by any information ‘that he may possess. These formulas and methods will 


also be of service dividing the water-shed into time- contours. . The dis- 


_ tribution of the water left on the shed at the end of the rain "(heing “the. . 
total estimated run-off less the area’ under the hydrograph from the begin- 

ordinary water- shed, of course, shape and manner 
¥ of concentration, as. are also. the. time-contours by y which it may be divid d. 
| “Tastead 0 of a simple e equation (as Equation (11), for Case 1) for use in con- 
junction with time-rendering areas in determining the quantities that have 


As 


d I passed a | given time- contour, resort should | ‘be made to the special tables” 

the factor P, previously int introduced the writers. Since = — and 


since the value of can be ‘computed for the known quantity of water 


f and average slope, the average velocity, v, is readily obtained. ‘The known 

e The detail required for a given problem and any abridgment: of the 
r may well be left to the judgment of the engineer. i 
se » Transactions, Am. Soc. C. E., Vol. 96 (1932), p. 1048, Tables 3 and 4. 2 
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LOSS OF HEAD IN ACTIVATED SLUDGE 7 
"AERATION CHANNELS) 
By DARWIN WADSWORTH | TOWNSEND, M. AM. Soc. C. E. th: 
Wapsworri Town seND,” M. Aw. Soc. Cc. (by letter). Con- 


tributions to the subject-matter of his p paper by Messrs. Thackwell, King, a ind 
Klegerman are > gratefully acknowledged by the writer. i generally 
re upon these discussions, attention might well be directed again to the velocity- 


retarding effect attributable to air-bubble induction the 


coalescence encountered in practice, as differentiated the assumed 


n 


hypothesis based upon | laboratory observations made in connection with air 
a ie =) bubbles rising through clear and quiescent water contained i in glass cylinders. 
as That reduced cross-sectional area obtains due to the continuous | ‘presence of 

- diffused air throughout the liquid ‘medium, 1 there can be little doubt. There 
- also can be little doubt, that the continuous and i irregular ‘swirling of an 


as, 


currents, s, which vary, the: degree and character of 
5 Sse” the flow in a cross-section . For this obvious” reason the writer elected not to 
a attempt to state increased | frictional resistance in terms based upon reduced 
 eross- -section and consequent increased velocity. In the writer’s judgment a 
ai _ roughness or retarding factor, most prominent in character, is ‘present in the 

‘The air bubbles ‘contained | in the aerated mass do not. merely float along 
in the stream current in ‘an undisturbed state as a log of wood might be 
expected to float along on on the surface of a stream; they ¢ are decidedly and 
irregularly active in their continuous ascent, through expansion and coales- 


cence, » and the combination ¢ of both. If small logs instead of air bubbles: — 


Noty.—The paper by Darwin Wadsworth Townsend, M. Am. Soc. was 
lished in January, 1934, Proceedings. Discussion on this paper has . or in Proceed- 
+ as follows: March, 1934, by H. L. Thackwell, M. Am. Soc. C .B.; and May, 1934, 
Messrs. Henry R. King, and M. H. Klegerman. 
~ 9 Cons. Engr. (Consoer, Townsend, Older & Quinlan, Ine.) ; Cons. Engr., Milwaukee 
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effect would he por dissimilar to that which might be expected from: the | ae 
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is true that the friction loss of channel 

“relatively small under conditions of low velocity. These losses on the other 
hand n may | be relatively large under conditions of high velocities. Further- 


&§ _ more, the : accumulation of many relatively small friction loss increments may, 


do, represent a _ substantial. percentage of the total friction head in the 
o 
design of a sizable activated sludge plant. 
_ The conditions ) that obtain i in a flowing aerated stream a do not lend them- 
2 selves ideally to head- recording accuracy. This fact the writer attempted to 
f make clear "in his ‘discussion 1 relative to pulsations; the results he obtained, ah 
and “those encountered. in practice, are sufficiently accurate to warrant 
subsequent use with safety i in problems of design. 4° 
is obvious why the n-value increases as flow velocity decreases. If the 
© upward or or vertical velocity of the air-bubble stream, for instance, we were greater — 
: than that of the horizontal al liquid : flow velocity, a curve indicating the degree — 
of resistance would more ‘nearly approach the vertical than would be the case — 
if the velocities were applied | in tk the reverse order. — In other words, the same 
general theory of head loss and velocity, resultant which applies to two hori- 
flowing” streams uniting with each other at an angle, applies in .a 
"somewhat modified degree in the. case of the problem under discussion. 
¢ cases it becomes necessary to build up sufficient head to overcome the 
Tesistance ‘encountered. trend curve (Fig. 5), which was based ‘somewhat 
upon 1 chance projection is the best illustration of the relationship between 
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INVESTIGATION (OF WEB BUCKLING IN 


INGE Lyse, M. A. Soc. C. E., AND H. J. GODFREY, Eso. 


INGE M. Am. Soc. H. _J. Govrney; Esq. (by letter).”" 
‘The data on aluminum alloy beams presented by Messrs. Moore and Hartmann. 
— valuable additions to the results obtained on steel beams by the writers. 
Unfortunately, the data on the aluminum beams g give only | the ultimate load 
Ww with no indication of the load at which the beam would become useless due to- 


i 
excessive deflections. As already stated in the paper, the load at failure has» 
no significance « except that it is a measure of the toughness ¢ of a beam after it 
has passed its usefulness. In structural design, _ the load at which the deflec- &§ 
tion exceeds the maximum permitted by the usefulness of the building » ‘must. 
be taken as the basis for estimating the factor of safety. _ Since a all the alumi- | 


“num alloy ‘beams had depth-thickness ratios of only 2 25 and less, buckling of 


une > 


the web would not take place at stresses less than the yield- point stress of - the 3 
No information is given as to the stress in adie web at the yielding of the f 
and, consequently, Messrs. Moore and Hartmann give little support to 
of the writers’ recommendation that the average web shear be 
on the net area (h ¢) rather than on the gross area (D t). The observed 
stresses presented i in 24(b) do not necessarily represent the stresses: that 
cause yielding of the beam. H. M. Westergaard, M. Am. Soe. C. has @ 
that the concentration of shearing stress at the fillet between the web 
and the flange of the beam may 7 become : significant for beams having relativ rely 


small fillets. 21 also shows that the computed stresses at the yielding 0 of 

the beam, instead of being greater (as they should be according to Messrs. 


Moore and Hartmann) are less. than m the ‘yield- -point stresses: the web 


NoTy.—The paper by Inge Lyse, M. Am. Soc. C. E., and H. J. Godfrey, was 
published in February, | 1934, Proceedings. Discussion on this paper has appeared © in 
roceedings, as follows: — August, 1934, by R. L. Moore, Esq., and E. C.. “Bartmans. 


8 Research Associate Prof. of Eng. Materials in Chg., Fritz ane. Snare atory Lehigh 


Research Fellow in Civ. Bethlehem. Pa 
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BUCKLING IN BEAMS 


half the > beams: by Messrs.. 


crippling was at ‘Lehigh h Universi sity with the: co- 10-operation 


of the Bethlehem Steel C ompany and subsidiary the McClintic-Marshall 
Corporation, at the time of the tests o of web buckling. vs, “he results were not. 


included in the paper, in order t to make a a ‘definite distinction the two 


The program included the testing six 29-4 in., 58- lb, rolled, Bethlehem 


beams, four of which were from the same section and two from another 

- section. The information for these beams which had an —ratio of about 52, 

is given in n Table 8 ‘Three of the beams were ( 


i om reseive yield-point| 
‘in inches, equare “a stress, in material, | load,in 
inches: pounds per | in pounds pounds 
square inch | persquare| 


49 


Ih order to sebvesit failure due to end twisting, ste el. plates. were w elded to 
‘the bottom flange at each end of the beam. In each end plate, ata height | 


even with the top flange, there was a slot which served as a guide for bars — 
" welded to the center of the top flange. This arrangement, as shown i in Fig. 26, 
allowed the top flange to deflect. vertically, but restrained from moving 


All the beams were supported by rollers ‘and loaded at the center of the 
span. A roller was also used for the application of the load for Beams Nos. 1 ee 
and 2, but a ‘spherical bearing block was used for this purpose in the testing 
of the ren remaining » four beams. Steel bearing plates. of the proper length were a 
= a eS the load from the rollers and bearing block to the beam. = 


a 
Hartmann failed by ; 
web crippling is a 
4 
4 
Web crippling is principally a local failure produced by excessive compres-. 7 
. sive stresses, and the problem of preventing its occurrence is most common am <a 
the design of structural beams supported on seat angles. The aim of the ¥ 
4 
‘4 — 
bearing lengths were 7 and 11 in. for the center failures, and 34 and 5} 
| — 
223 000 
231 50088 
2050000 
— 
— 
— 
— 
— 
— 
— 


; | se the thickness of the flange | at the root of the web. The 1 thickness 
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‘Vertical deflections and strain- “gauge observations wens taken on all beams. 
Except for Beam No. 1, all beams: ‘were whitewashed before testing. tate 


s Strain lines in the web ‘appeared at both ‘supports at a load of 115 000 lb, 
and, at the center, at a load of 200 000 Ib in Beam No. 1. Ata load of 


Ib, the strains indicating that actual yielding 


26.—BrEam OT-5, SHOWING END PLATE 
PREVENTION OF END TWISTING. SUPPORT DUE WEB CRIPPLING 


of the beam occurred. . The strains observed at a point immediately above the | 

flange indicate that the yield point of the ‘material i in the web was reached at 

tonsiderably lower loads. ever, this local yielding did not have any effect, 
the beam asa whole, which continued to take load until a ‘maximum: 


202 000 Ib was reached, at which time the web ‘crippled at t the end, as ‘shown - 


computing the actual bearing length at the root, of the web ii it was 


ae ‘assumed. that the stress was distributed ‘through the flange on an angle of 45 a 
degrees. _ The total bearing length thus equals the length of the bearing plate & 


of the flange was ‘measured by micrometers at a point: next to the fillet, as 


indicated in | Table 3. The length of the bearing plate was in. at the 
supports where the beam was designed to fail. The « compressive stress: at 
A a ‘the root of the web at the yield point of the beam was 50500 Ib per sq in, — 
which compares very well with the average tensile -yield-point stress of 
49000 Ib per sq in, Sor the web ‘material. The full stress of the | 


was thus utilized in this beam. 
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Beam No. 2 was designed to fail at the loading point den the — of a 


100.000 plate was in... Strain lines appeared at the supports at a load 


oft 100 000 Ib and at the loading point at 140 000 lb. Sines the failure of this 
Pe beam occurred at the loading po point no definite indication of yielding could be 


= from the deflection curves. ot The si strain-gauge results showed that the 
strains near the root of the web increased at a high ‘rate above a load o 


3 120 000 Ib. The strains measured at the center of the web indicated a yielding 
3 ata load of 160 000 Ib, which was taken as the yield- -point load of t the beam. 


‘The beam continued to take load until a maximum of 223 000 lb was renchiod, 
at which time the web crippled at the loading point. ats 


- BF At the the yield point of the beam the maximum compressive stress ss at the root 


‘of the web was 49000 Ib per sq in., or the same a8 the tensile yield- -point | 


; 28.— BEAM CT-4, SHOWING FAILURE aT THE CENTER DUE TO WEB CRIPPLING. al ; 
— Bestn No. 3 was designed to fail at the supports where the length of the 
_ bearing plates was 54 in. To prevent failure at the center, stiffeners were 
welded to both sides of the web at this point. Of ane dow te fox 
first strain lines appeared in the web near the center at a ‘Youd 


60000 Ib. The strain lines continued to form and, at a load of 11 110 000 Ib, 
they the web at the ‘supports. The observed strains indicated 
at a ined: of 220 000 lb, which was ‘taken as the yield point of the 
LM beam, , while | the deflection curves indicated. yielding at a load of 230 000 Ib: 
At the maximum load of 231 500 lb, the web crippled at one of the supports. — 


The bearing plate used for ‘this b beam was ‘too thin for effective distribution — “4 
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of the load from the roller to the flange of the beam and, consequently, con- 


ad The maximum compressive 2 stress at the root of the web was 4 000. a per 

4 _sq_in. at the yield point of the beam. ‘This i is s considerably less than the tensile 

a 9 yield-point stress of 50000 lb per sq in. for the material in the web. eta? 

x As Beam No. 4 was designed to fail at the center, stiffeners were ‘welded 


to the web at the supports. The length of — 


= 


34 


2 of 264 400 Ib was teached, a at which time the web crippled at the center of the 
beam, ai as shown in Fig. 28. Also, for this beam, the bearing | plate was too 


thin for uniform a distribution of the load. | 


At ‘the y yield-point load ‘the ‘maximum compressive stress at at the root of the 
= . was 48 200 Ib per sq in., which is | considerably less than the tensile - yield- 7 


ie ix Beam No. 5 was similar to Beam No. 4 having a bearing length of 34 in. 
at the supports where it was designed to fail. * The first strain lines appeared 
in ‘the web at the supports at a load of 60 000 Ib, and at t the loading point at 
a load of 130000 Ib. The vertical deflections, as well as the strains, “showed 
the beam yielded at a load of 160 000 Ib. A slight erippling of the 
web at the support was 1s noted at 190 000 lb, , and, at a load of 205000 Ib, the web 
a At the yield- point load of 160 000 Ib, the computed sees at the root of the 
was 41 900 Ib per sq in., which compares favorably with the yield- -point 
stress | of 44.660 Ib per sq in. for the web material. — 
Beam No. 6 was similar to Beam No. | 2, , having a bearing length of 7 in. 
- at the loading point. it. Ast this beam failed at the center, the vertical defle S 
"indicated that there owas no yielding of the beam as a whole. The strain 
Ee “however, indicated a a bending tendency i in the web at a load of 80 000 lb. Z 
‘The rate of strains increased sed sharply at a load of 150 000 lb, , which was is taken 
as the yield point | of the beam. The beam continued to take load until a maxi- } 
s mum of 209 500 Ib was reached and, at this load, the web crippled under r the 
=e 909 At the yield-point load of the beam the maximum compressive stress at the 
root of the web was 45 000 lb per sq in., which i h is close to the yield- point stress 
44.660 lb per sq in. for the web material. site. 
— Botk the flexural and shearing stresses were low in all these beams, so 
pn was no indication of yielding due to these stresses. edt api hows eared | 
Since only six beams were tested in this investigation, no general con- 


clusions can be: drawn. However, the results indicate that: 


‘1.—The appearance the first’ strain lines has no relation 


the yield-point load. beam to take load until a 


tributed to a concentration of stress at the ‘center ¢ of the plate, causing local Ri 
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om - 2.—The compressive stress at the Toot of the web at the aa point of the 


7 beam corresponds quite well with the tensile yield- point stress of the material 2 


$8—The yielding was caused by the compressive stresses at the root t of the 


_ sive ‘rowel the root of the web: —__*__.,, in which, f = = compressive 
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AMERICA OF. CIVIL ENGINEERS 


CUSSTORS! 


ANALYSIS OF SHEET- PILE BULKHEADS 


Inc. E. h. O. Franzius” (by letter) *°*_That present design methods 
are incomplete has been ‘correctly emphasized in this paper. 7: Time and time 
; again even engineers of note resort to irrational methods as ‘soon as they 
encounter difficulties in the design of bulkheads. * One of the most favored 
“tricks” has been the assumption of restraint at bottom of the sheet- 

piling, without an analysis of. the forces producing such restraint. As long. 
as there is no proof that _ such forces occur, the introduction of a restraint is 
equivalent to the appearance of a Deus ex machina, who is expected to 
deliver the designer from embarrassment. fact tha ¢ designed 
in this manner have not failed is not due to the quality of the > design, b but to 
5 he fact that 4 the | active. forces are e smaller than assumed, owing to cohesion. 
a attempt is made in the paper to determine the forces that act on a 
me Fin sheet-pile wall from the observed deflections and, finally, a new method of 


analysis is presented. This method of. analy; an ingenious, 


ae Evidently, the principal objective of the tests was to observe the elastic | | 


line ofa pile wall under load and to determine from this line the forces 
‘causing it. As it was not possible to measure the earth pressures directly, ‘it 5 - 
was necessary to determine them through ¢ calculation in such ha way as to 
fy the observed defl is. Ind s did o hich are 
YP satis y the observed de ections n doing ‘so two errors di occur which a > 
of decisive importance in the evaluation of these fi 
computing the active ‘earth pressure in the tank by means of 
ol Coulomb's. formula, the author neglects the friction on the side walls, The — 
writer’s experiments with large earth- -pressure testing apparatus in the Labora- 4 
of ‘ tory for Foundation and Hydraulic Tests of the Institute of Technology, of a 
NoTe.—The paper by Paul Baumann, M. Am. Soc. C. E., was published in March, 
1934, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: £ 
In May, 1934, , =- acob Feld, M. Am. Soc. C. E.; August, 1934, by Messrs. es 7 i 
MOA and Raymond Pennoyer; and October 1934, by D x 


N 
4 
al 
— 
— 
| 
— 
— 
om 
— 
— | &. 
— 
a4 
q 
— 
— 
— 
— 
— 
te 
— 4 
— 
— 
— 
— 
— 


— 


\ 19384 FRANZIUS ON ANALYSIS OF SHEET-PILE 
Hannover, Germany, showed this” side- to be of decisive 
8 reduced to one- -half, 
due to this side-wall friction. In fact, the latter is s equivalent toa lateral 
§ anchorage of the sliding wedge. F urthermore, the distance between the front 
cE the back wall of the test tank is too small for the active sliding wedge — 
a develop fully. i Both these effects result in a reduction of the active pres- 
pion . On the other hand, the sand contains some silt which tends to increase 
= active pressure beyond the value obtained by Coulomb’s formula. It is 


not possible, therefore, to determine the effective, actual pressure without 


~ In his tests with two ) large testing apparatus, the writer found it necessary 


to lubricate the side walls with soap paste after first covering 
several layers of paper. The side-wall friction was reduced thereby to hon: 
al 


10% , of its original value so as to render its effect on the total earth pressure 


A further ‘uncertainty i is inherent i in - the angle o of internal friction of soil 


‘the greatest ‘movement of prior to finding their equilibrium 
position, the would the greatest: angle is, 31° )a as 


of which gave 81° and the third, 30 degress. As the latter test. called for 
7 


4 ‘That the an wate of 31° for the material under water, is much smaller than 
4 = angle f for the > material “ in the dry” is due to silt i in the sand. _ The writer’ s 


pen 
tests showed that the angle of friction of clean sand under water, is exactly the 


2.—If these uncertainties affecting ‘the ac active ‘Pressure were of slight im- 


be found with fair ‘approximation. _ The earth- resistance values obtained | by 
the writer in his tests at Hannover (and which the author “uses as a basis 
of his deriyations) are due to a wall width of 2m (6.56 ft), which means" 
resistance values to establish equilibrium according to. the 
. The values. 
as the writer. are for clean, granular with — 
no 0 cohesion. On ‘the other hand, the soil tested by the author had ingredients — ij 


which, | conditions permitting, will produce cohesion, although with the material 


under water the cohesion would be almost negligible. However, as s the e soil 
‘in the author’s tests constants s that differ from that used by 
writer, an immediate comparison i is ‘impossible. One conclusion is certain, 


ee 


had the influence of ines side wedges investigated through tests. on 
anchor- -plates.™ top of these anchor- -plater was some distance below the 


auf Ankerplatten”, von Dr. Ing. Wilhelm Buchholz, 


from the Yearbook of the Hafenbautechnische Gesellschaft, Vol. 12, 1930-31. ger 
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4 Bs entirely to the prism directly in front of the wall; they are also due to the a +e 
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ground surface. ‘The tests: showed that passive was more th an 


ay ‘The same ‘must be true of the rd tests. The influence of side fric- 

al tion is great. If the test wall had been twice or three times as wide as it 
et was, ‘the values of ' passive resistance would have been quite different 
because of the e reduction in the influence of side friction to one-half and ‘one. 
third, respectively. rl relative magnitude of side friction and passive re- 


Eas 2 sistance can only be determined through tests with “specially: ‘constructed 


It is much to the writer's that. the ‘Passive resist-_ 

y represent the 

passive resistance value, of that soil per unit: width, of a. wall of infinite 
width. Theis. is s also re reflected in the permanent deformation of the sheet-piles 


Fig. 6), as the outside piles show smaller deflections than the ones, 


ae As the deflections below the ground surface could not be itn a con- 


» 


siderable 2 part of the elastic line and, in fact, the part subjected to the a. 


ca loads, wa was” as not established. - _Theiseeelie. to date merit an extension of these 


tests the - ‘installation of such apparatus in laboratories ‘as will ‘Permit: 


measuring the passive resistance of soil directly. a9 any aul | 


This method of design will always give better results than the present method 
for one and the | same system of : forces; but just because this new method i is” 
~ valuable, the true set- -up . of force should be determined more accurately, and 
to accomplish this the continuation and extension of Aninecmmane tests, 7 
the i introduction of new tests, is necessary. 


independent of the magnitude of the forces as fer as theory is. concerned. | 
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FLEXIBLE “FIRST- STORY” ‘CONSTRUCTION FOR 


y HA 


(originally designed and built by Professor 8. Jacobsen) ascertain ‘to. 
3 what extent the author’s assumption | is valid. 


= in the > discussion, t the nomenclature will be given a at once: es 
e= elastic. or spring constant (the same as that used by the 

tore author); e: is the constant the és, that for 


= of flexibility. 

e 


superstructure ‘rigid. ‘Tt. is approximately 


which, | W is the weight of one floor of the clad: in 
pounds, and A is the horizontal deflection of that floor 


from the position of static equilibrium when the entire model 
is subjected to a horizontal force equal to the pull of gravity. i 
e 


period ‘of model, in seconds, superstructur 
ra 


2 
= period of the shaking- table, in seconds. sore 4 


oTE.—The paper by _ Norman B. -Green, Esq., was published in February, 1934, 
Proceedings, _ Discussion’ on this paper has ‘appeared in Proceedings, as follows: In 
_ May, 1934, by Messrs. Lee H. Johnson, Edward J. Bednarski, and Merit P. . White and 
Paul L. Kartzke ; and August, 1934, by Howard G. Smits, Esq. 
Instructor in Civ. Eng., Stanford Univ., Stanford University, Calif. 

Received, by the October 15, 1934. 
Ss. Timoshenko, 63. oof 
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flexible, the remainder of the superstructure can be considered a 

— in so far as the dynamic analysis is concerned. The writer has made a num- F = : 

[ff ber of shaking-table experiments in the Vibration Laboratory at Stanford — = % 
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ON FLEXIBLE FIRST-STORY ¥ CONSTRUCTION “Discussion ns 


_ The first model was dynamically ‘similar, as far as shear distortions | are 


concerned, to a symmetrical 17-story steel. frame office building of conventional _ 

design. The -story model dynamically similar to the same 
with the upper nine stories 2s removed. Frictional effects in the models were 

not dynamically similar t to 0 those in the actual buildings. The weight p per 

‘floor for Floors” 2 to 13, inclusive, was 2650500 Ib. ‘The next three floors. 
aver 2 000 ) Ib, and roof, 2120 000 Ib. The elastic 


per i in.; exe was 27 000 000° 


= “The shaking- table on which the model was poses more 


tons. _Hence, the motion. of ‘the model did not affect the motion. the 

table, wih was anchored at one end by a set of springs, in ‘such a manner 
F that it would be Scam al by dropping a pendulum against a bumper 
spring other end. -After— the impact, the table had a damped 


(a) Table Motion, 0.51 Seconds Table Motion, 7; 0.91 Seconds 


TESTNO.S 
sh 


x 


=? 


7 
or 


7 


ST NO. 2 


No. 


ro 


TABLE MOTION TABLE MOTION. 


harmonic motion, as ‘shown curve in Fig. 13. The period of 
of motion was changed for some of the tests by changing the anchor springs. 


amplitude w: was varied by changing the ¢ of the 


4 
per in. The intermediate co io of height to width 
| 
ANNA A allla. 
| 
able and another giving 
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‘motion table with respect the laboratory floor, were obtained 
simultaneously. In terms of an actual building, these records « correspond 

oe the relative motion of the second floor with respect to the ground and 


the absolute motion of the ground, , respectively. In the test records, the 


‘table amplitude should be divided by when compared quantitatively to 


F or Test No. 1, the value o of for the to an ¢ elastic 


ratio was y = 60.95 | (see Table 3 3(a)). ' 


correspond to “that found in some conventional buildings of this 


SLE 38. —Compuren Periops OF Vinration or B “Movers” 


Ratio Normal Structure | Rigid Structure Normal Structure | Rigid Structure 
Tr,in | 7, Tr, in T Tn, in r, in 
seconds| = seconds| || seconds | 


(a) Periop or Motion, 7:, Equats 0.51 SECONDS: 


0.75 | 1.47 0.30 0.50 0.32 | 

0.94 (1.84 : 0. 

1:07 | 2:10 | 0: : | 11s 

| 8.87 | 1:00 | 1: 96 


6.10 1. 03 | 0.67 
9.60 | 1.07 85 
38.80 | 1.65 


computed fundamental period of the model for this value of y was 
| Th = = 0. 75 sec. The ‘computed period of the second mode of vibration 
was approximately 0. 25 sec. The table then given the motion indicated 
by the record at the bottom of Fig. 13, ‘and the corresponding motion. of 


he second floor of the model was recorded with the superstructure 
normal condition of flexibility. The superstructure of the model ee 
so that it acted as a rigid mass, and the same ‘test was repeated. 
The motion of the second floor for this condition is shown by the 
—_ first: story was then made more flexible and the same procedure was eT 
followed for ‘Test No. 2, ete. Since the table motion was the same all 
tests in Fig. -13(a), it is shown only once, at the bottom. ub 
Repetition of the same tests for the 17-story model, using 


table gave the results shown in 1 Fig. 13(b). The upper nine stories 


+ 


— 
s ratin of flevihility 
| 
| 
0.93 |] 15.....] 0.60 | 0.66 | 0.55 
— 
| 
‘ 
— 
— 
— 
— 
] i elastic — 
model Tt shoul be noted that an 8-story building with such large elastic 
constants would be quite stiff for the height involved, world 


au 


tes T The test records in . Fig. 18 indicate that the -second- floor ‘motions with, 


the | two types of superstructure not alike for this” particular story 


is quite probable that, if the happened. to 


same as the second mode of vibration the model, 


favorable: comparisons: obtained in Tests ‘Nos. 4 and 8, Fig. 13, would not 


; _ The test records for the 8- -story model are not shown, _ but they also give 
little evidence in favor of. assuming a rigid superstructure: in the 8- -story 


Tests” Nos. 1 to 4 ‘might lead one to conclude that the assumption of 
a aagia superstructure is on the side of safety, because all the curves on the right- 

hand side of Fig. 13(a) } have larger amplitudes than those on the left- hand 

side. Tests Nos. 6, 10, and 15 indicated that such a conclusion is erroneous. 


In g if the ratio, — , is approximately 1.00. (exact resonance for the 


, is closer to unity: than 
es the ° amplitude of the second- floor ‘motion for the normal superstructure 4 


| be larger than when the “superstructure is assumed to be rigid. 


experiments have covered a comparatively narrow range. Definite 
; ying to all types ‘of structures cannot be drawn from. these 
oe A in teste, or from m any theoretical step-by-step method of analysis. In gen- 
i. eet Be eral, it would appear that if the elastic constants and floor weights are of 
the order of those given herein, there is. little | to believe that the 
author's met! method of analysis should apply t to buildings higher than eight or 
ten stories unless the flexibility. ratio, is at least 40. This ratio can ‘prob- 
ably be somewhat less for buildings sof fewer stories if the superstructure ‘ is 
Bod rigid. It. probably should be increased if the building exceeds fifteen 
Phe writer understands: that Mr. Green has in mind flexibility. ratios as 
he arge as 50 or 60. The period of 3.58 sec for the building which he used in 
his illustration would indicate as much, ‘The practicability of using a flex- 
“ibility r ratio of even 40, of course, is open ‘to debate. Observation of ‘the : 
~ model o n the shaking-table makes one dubious of the success of such a build- 
ing. movernent of the ground can set t up a rather large relative 
motion of the structure even though the system is s considerably removed from 
the resonance condition. Hence, certain practical difficulties must be over- 


come: to prevent ¢ damage t to the flexible ae r from every slight earth shock. yt i 


io aia ceiling so that ‘the motion of the superstructure will result i in no damage 


to the flexible story. If such a building has a flexibility | ratio of 40, or more, 
ah sits behavior in wind storms would have to be determined. © It has also been 


ith bas cenanai that hollow tile 1 walls, for instance, could be installed i in the flexible 
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1984 3 ON LE FIRST- STORY 1367 
story to. ‘prevent damage from small ground motions and also to stiffen the 
building against ‘gusts of wind. | In a ‘severe | quake, these walls would : soon 
‘shatter and allow the ‘flexible story to come into full play Ly. . Until the tile 
- walls are e badly shattered, it is quite possible that vibrations will be set up in 
the si superstructure and, also, that the elastic constant: for the flexible — 
i. will be non-linear. _ These factors should be borne in mind when interpreting 


any mathematical analysis of such a building. 


_ If it is granted that large flexibility ratios are practicable, Mr. Green’s © E. 
method of analysis, when used by one thoroughly familiar with the dynamic Pi 
‘principles involved, should give ‘some indication of the action of the building 
in an earthquake. Obviously, any quantitative results of such an analysis 
should be accepted with strong” reservations. Even ‘though the designer 
skilful in simulating probable earth” motions, there are several important 


factors which he would usually neglect because of lack of time or lack of 


For example, if a building i is tall and narrow, direct stress in the columns 
and load- bearing walls will result in a certain amount of flexibility i 
his factor can be included when computing the elastic con- 
stants. If it is - neglected, the e flexibility ratio will be too high. cic ny 
GG rotation of the ground at the foundation line affects the ‘motion of any 4 
building, the effect being dependent on the width and height of the building 
and on the nature of the ground below the foundation line. Another factor 


is damping friction which decreases the amplitude of motion. — Little is 


known at present about the magnitude of these two factors as far as as buildings 
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GENERALIZED DEFLECTION FOR. 


By MESSRS. -PREDRICK ‘VocT, LEON S. MOISSEIFF, 
F REDRIK Voor," Assoc. M. AM. ‘Soc. ©. E. (by letter)." 


ks the . studies of the late Hans: H. Rode, M. Am. Soe. ¢. E., is pertinent 

Following Sistas (9), the author states that “ in ‘the Deflection Theory, 
nfluence lines ordinary sense) cannot be used”. Professor Rode 


that such lines ¢ can used for computation additional cable 


of between and ‘effect, and r no exists 
for suspension bridges. However, on long suspension bridges, the dead load 
is large as compared with the live Toads, within the range from zero to 
x s full live load the proportionality i is rather close, w whereby the use of influence 


~ Tines is made possible. . Strictly speaking, one influence line should be com- 


puted for each particular value of the horizontal cable stress, H, between 


maximum and minimum, but Professor found that sufficient accuracy 


was” obtained by the use of two influence lines, one for a maximum, and one 


eS for : a minimum, value of H (Tension H depending on temperature and load), 


between which a linear interpolation can be applied. 


_ - The importance c of using influence lines, of course, is is that the load lengths 


and negative moments, ete., can be determined — 
instead of by trial as used by the author. Furthermore, it should be » -men- G 
tioned, that the method developed by Professor Rode can be applied for. 


NOTE. —The paper by D. B. Steinman, M. Am. Soc. C. E., was published in 
1934, Proceedings. Discussion on this paper has appeared in Proceedings as follows: 
May, 1934, by BE. Pavlo, Esq., August, 1934, by Messrs. Jonathan Jones, _ AY Miillenhoff, © 
H. Cecil Booth, | “Jacob Feld, and Glenn B. Woodruff, Howard C. Wood, and Ralph A. 
| Tiaor§ and September, 1934, by Messrs. L. J. Mensch, A. A. Eremin, Hans H. Bleich, | 
F. H. Frankland, Gustav Lindenthal, Julian W. Shields, A. ‘Fischer, and J. 
: - 4 Prof. of Mechanics, Norwegian Univ. of Technology, Trondhjem, Norway. 

Received by the Secretary August 15,1934. 
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ma of certain some or “all of 

may be statically indeterminate. 4 This replacement system can be analyzed 

by the ordinary methods; that is, , by the elastic theory. § Since the replace- 

ment system is statically indeterminate to a high degree and the analysis, 
consequently, is rather complicated, Professor Rode also developed" methods 


Leon S. M. Am. Soc. C. E. (by letter).“*—The Deflection 
‘Theory has been known to American bridge engineers for s some time and has 


this country for the last twenty-five years. EB will be of interest t to Telate 
herein some of its early history in the United States. 
nds In the summer of 1901, due toa ‘combination of causes, a number of sus- 
‘pension rods i in the main span of the Brooklyn Bridge failed. that time 
this wa was the only ¢ crossing over the East River and carried ment of. the pas- 
hs senger traffic f from Brooklyn, N. to New York City. The Williamsburg 
Bridge w was then in the process of construction. The uninterrupted travel — 
over: the Brooklyn B Bridge was then of vital importance to the inh inhabitants va 
New York. Great p public interest was aroused by ‘the incident ‘and an engl- 
“neering and report was made at the direction of the City’s Cor- 
poration Counsel by the late Edwin Duryea, Jr., , and J oseph Mayer, Members, — : 
Am, Soe. Cc During the controversy the behavior and safety of the 
"Brooklyn ‘Bridge which followed the publication of the engineering ‘Teport, 
the writer worked | on an analysis of stresses and deformations of that a 
bridge. He found that while ‘there were no official measurements of ‘the 
deflection of the bridge under load, such deflections as could be observed 
dally ‘were of much less magnitude don wall» result from computations based 
the Elastic Theory. Further consideration showed that, neglecting alto- 
effect of the stiffening ‘trusses on the deflection of the ‘bridge and 
Se back to the simple computations of the equilibrium polygons under dead — 
and under dead and live load, much closer agreement with the actual 
yehavior of the bridge would result. became apparent that the tacit 
= by the elastic theory of the effect of the dead load on the deformation 


the bridge under live load was a serious error for large bridges. ‘This is 


explained” by the fact that the Rankine- Ritter theory was based on rigid 


stiffening truss: and thus logically introduced the error. It was later taken 3 
over without further scrutiny by the | “fathers” o: f the elastic theory. ‘Due 
this, the latter theory is grossly in error for suspension bridges. wire 

While working on the development of a more correct analysis, the writer 
"directed his attention to the short treatment given by Melan to what he called 

_ Received by the Secretary September 24, 1984, 
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“The More Exact Theory.”“ Strangely, Melan did not put much emphasis 
a 
on the practical results of theory The writer found that Melan’ analysis 
wae ‘a one-spa -span suspension bridge, taking into account the effect of the dead 
load on the deformation of the bridge under r live | load, gave solutions which © 
hor The Manhattan Bridge, a as built, has a center span and two symmetrical 


side spans. To make a practical application of the theory to the design, ite 


oO 


became the task of the writer to develop it for a three- -span bridge and to ; 

establish the equations for the va various loadings and temperature variations { 

causing greatest: stress. Bearing i in mind the importance | of the bridge which 

*, was designed for ‘a congested live load of 16 000 Ib per lin ft, the se eel : 7 t 

3 made with much hesitation and caution, | and various methods were devised — a ¢ 

to furnish verifications of the computed results. _ Realizing that there can be Ba ? 

no theory which, applied to a practical structure, will be absolutely exact, the 7 : 

writer subsequently denoted the developed theory by the name 0 of “The Deflec- 

ee tion Theory,” having i in mind that it is based on the deflections of the cable 4 

— and 0 f the truss. _ Thus, the Manhattan Bridge was designed in 1904 by the ; : 

deflection theory, and may be considered the first modern suspension bridge. — “7 

“en Previous to that date, the writer in a discussion of the paper by the late — = ‘ 

Te oseph Mayer, M. Am. Soe. C. E., entitled “The Stiffening System of Long- 4 

Span Suspension Bridges for Railway Trains,” ” presented an application of - 

the deflection theory ry the stresses in a three- hinged 

w en 1 the ‘Manhattan Bridge was approaching 

Soe. _E, to report, on the design and construction of the “bridge. Mr. 

be Modjeski engaged F. E. Turneaure, Hon. M. “Am. Soe. C. E., for the analytical 

ae work. The writer submitted to the latter the fully developed theory and 3 
formulas used in the design of the main structure. 


~ In the “F inal Report of the Board of Engineers on the Bridge over the 


= 


Delaware River” in 1927 (see Appendix D), the writer presented the deflection 


As developed a nd published the ‘deflection ‘theory was | ada pted single- 
"span, , and three- “span, "suspension bridges with stiffening trusses discontinuous | 


> 


over their supports, and all long- span suspension bridges built during the last 
itt tof 


twenty-five years have been so constructed. ' The engineers who designed the 


several bridges with continuous trusses, mentioned by the author, evidently 
did not think it worth while to utilize the deflection, theory. 


_ Attention is called to the fact that Professor Turneaure, whose work is 


‘ a eited 3 in the paper, states “ “For this case [suspended side spans] the constants 


“Biserne und Hiingebriicken, von Melan, ‘Wilh. "Engelmann, 


Transactions, Am. Soc. C. E., Vol. XLVIII (1902), pp. 422 et seq. 


Mr. Modjeski’s report, the theory is given in Appendix B. In the Ninth 

“the ” by J. B. Johnson, B. Bryan, and F. E. 

Yurneaure, it can be found in the Chapter on ension Brid und — 


Framed Structures,” by Johngon, Cc. W. Bryan, and F. BE. Tarneaure, 


7 
Te 
| 
: 
4 
| 
q 
‘ 
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to zero. This is the same method in the paper. 


The author shows that some saving in materials and cost, or increased 
“stiffness, could” be realized by “making the trusses continuous over the tower _ 
supports. — He, therefore, has extended the formulas of the deflectior n theory 
to include continuous stiffening trusses and multiple tied spans. ‘The work 
‘principle which is utilized in the derivation of the equations of the deflection : 
theory lends itself well to expansion over these types. - The author has suc- 
ceeded in preparing a presentation of the ‘theory which elegantly embraces» 
common types of suspension bridge as well as the with 


we In generalizing : a theory which | in practice has been found workable and | 


- gaileiently accurate for the required purposes, it is important to scrutinize the 
| original assumptions on which the theory has been based. Usually, some of 


the assumptions are apparent and have been explicitly stated ‘and some are 

implied and must be brought out by a trenchant analysis. Tt is in the char- , 
acter ‘of science to guard its steps. The verity of deduced applications which 
are extended | beyond common practice must be checked by quantitative studies” 

and by physical observations. application of the deflection theory to 


- continuous stiffening trusses may serve to > illustrate the limitations of gen- 
The deflection theory assumes that: the effect of the elongation of the 
uspenders | on the total work of the structure is ‘negligible and that its effect on 


the value of the able pull i is insignificant. - This assumption has been j ju 
‘ 


computations in several ‘instances as well: as by observations on models. 


The effect of, suspender ‘elongation cannot, however, neglected locally. 
Near the towers, where the suspenders are longest, the effect of their Jengthen- 


“span bridges it may seriously affect the stresses in the panels nearer 


“the towers. Careful and extensive studies of ‘the effect of suspender elonga- 


4A 


4 tion on long : spans have shown that the moments and shears in the trusses 


will ‘increase considerably toward the tower ends and, in some panels, will 
- require an increase of as much as 25% in sectional area of the chord members 

and diagonals. In shorter spans, t this effect, of course, 1 will be less, but it will 


decrease proportionally. has a pertinent bearing on the design of 


the ‘ease of trusses at the towers, the chord sections in the 
Panels nearer ‘the ends ‘commonly over-run and ‘the “excess of section is 
E Most instances sufficient to take care of the hanger effect. | ‘The writer has . 
followed the practice of designing ‘the rockers and diagonals near the ends 
- for a an excess stress of one-third to one-half. In the c case of continuous trusses is 
the heaviest chord stresses are at the towers, and an excess of Section, , due to 


over- -run, scarcely be available. The effect of suspender elongation, be- 


tio 


| 
y equating the moments at the towers for 
a 
— 
> — 
| — 
| — 
a 
— 
| 
q 
— 
| here be much more conspicuou i : 
| 
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- Much of the theoretical saving may be nullified by it. It will be found desir- 
able to study the effect. of Suspender elongation and tower 


- gotten ‘that t the trusses are suspended from the ‘cables for their dead load and 

a they must follow the deflections of he The cable curve does not 
_‘Teverse its direction near the t towers ; the continuous truss, on the contrary, 
tends to do so. behavior must result in straining the truss unduly. 


Another instance in which the assumptions of the deflection theory for 
a the case of hinged 1 trusses are ‘sufficiently « close is the use of a constant equiva- 


g lent moment of inertia for each individual span. tr For discontinuous trusses, 
_ methods, based on various | loadings, are used to complete the equivalent 

a moment of inertia. These methods give close results. For continuous trusses 
a the accurate determination of an omnrOME: moment of inertia is much more 


The writer does 3 not wish to imply that practical problems will not be e 


_ countered i in which continuity of the stiffening truss will be desirable. i Small _ 


and light ‘spans which | commonly have an over-run of materials | because of 
practical: considerations may be given increased. _ stiffness by continuity, and 
special conditions may make it advisable to resort to continuity ‘in other 


To avoid misunderstandings, the writer calls attention to the fact that in 


original publication o: of the deflection theory the > values” of the constants, 
represent or distances, while in the paper they represent moments, 


Bietainae times H. _ ‘The writer finds that the original notation is more helpful 


r the physical interpretation of the various terms. 


curves as computed by the elastic 


ig For purposes of comparison the moment 
and the deflection theories shown in Fig. 3 are instructive. ‘They prove again 
much in error the elastic theory ‘is for suspension bridges. It As timely 
to point out that the elastic: theory may well be abandoned for ‘suspension 


bridges and that attempts to tie it to the deflection theory, or any other 


advanced analysis, are of an atavistic nature. 


A. anp G. T. Party,” Juniors, Am. Soc. C. E. (by letter).°*— 


major contribution to the mathematical treatment of suspension bridges 


is contained in this paper. 4 New developments in construction, together with 
Be: practical form of the author's method of designing, should bring about 


increasing use of -short- -span highway suspension bridges” of the con- 


Since “stresses producible by combinations of loadings -eannot be found 


by adding algebraicly the respective "stresses producible by the component 


me 


Senior Draftsman, State Highway and Public Works Comm., Raleigh, 
Designer, State Highway Comm., Bridge Dept., Raleigh, N. 
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~ loadings” (see following Equation (9), it i is desirable to have general 
formulas for the load functions, A, and Equations: of the suggested 


~ form n are re readily reducible to the special cases treated by the author by noting | 


& 


> 


~ 


+ Pe — 2) (110) 


cz 


Py (et — 2)>}. a 


Ga = Pe 

in which , in a addition tc to > the 1 notation — the paper, the subscripts, 2, m, OF ) mh 


span to which 
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N FLUVIAL “MODELS 


7 
Tomnorr,* Ane Soc. C. E. (by letter)". —A good. example of 


investigation is s offered i in excellent paper. There are 

doubts, however, as to the theory of tractive forces, or “drag” ‘they, 
as well ast the quantitative transferability of "experimental results. The ‘ “drag” 
force is s simply 2 a ‘component, parallel to the slope, of the weight of a vertical 


column of water of height, , d, in contact with a unit area of bed of a channel t 


— 


with uniform flow as: expressed by Equation (3). This formula i is considered : 


| 


iy by the “drag” theory as a constant relation between the slope and the depth 
‘the same _bed-load material. This theory is not generally recognized. 
“The imperfection in this concept is evident, and it is clear that the 
phenomena as” conceived by du Boys was a scheme somewhat lacking i in the 
‘Teal course of things” states Professor Francesco’ Marzolo.* Professor 


Reynold considers the force exerted by : the current on sand as the function 


of the velocities. Professor A. Gibson ‘states: that the erosive power of 
ater varies as the e square of it its velocity.” ‘This “drag” theory has not even 
been ‘mentioned in 1 many important books. theory has the following 


presupposes infinite width of according to Schoklitsch, 


an additional coefficient is required for channels in in which the | ratio of width. 


to depth is less than. thirty. “drag” theory does not take into considera 
the type and nature of the cross- “section of the channel. 


paper Hans Kramer, Asoc. M. Am. Soc. C. E., was published. 
= April, 1934, Proceedings. Discussion on this paper has appeared ‘in Proceedings, as 
follows: ~ August, 1934, by Messrs. John Leighly, Paul W. Thompson, and Gerard m 4 

Matthes ; ; and September, 1934, by Messr. R. H. wave 


Cons. Engr., New York, N.Y. 
Received by the Secretary August 11, 1934. Th) be ift 

“Hydraulic Laboratory Practice”, p. 755. he 

and Its Application’, Fourth Edition, p. 840. Vor bob 


von Weyrauch und Strobel (1980), p >. 79. 
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—Schaffernak” considers" the du Boys law only applicable for 
- sizes of grain, , namely, for for homogeneous ma materials with a grain size. up to 
8.—According to the author the slopes must be “usual moderate 


stated j in establishing | his law of constant critical tractive forces. 


th 


 4—The t type of the flow does not affect the “drag” theory, and ‘it is con- | 


sidered applicable for laminar, turbulent, shooting, « or streaming flows. a 
These limitations | ‘cover practically every” phase of hydraulic 


of flow and are so serious, in fact, that they annul the 


theory, There direct contradictions between ‘the requirements for 
similitude of channels and those fulfilling the “drag” theory. As 


the writer shad» occasion to state in another connection, the first ‘requirement. 


similitude of turbulent flow is the same kinetic factor. This is nothing 


but the fulfillment of Froude’ law. The kinetic factor, or twice the atio 
7 of kinetic energy to the hydraulic radius, gives only the physical and quantita- 


tive § state of turbidity. Expressing the velocity through the Kinetic: factor: 


= v R 


Comparing with Chezy’ 8 


= | = 9K K, 


in which, = Chezy’ K, = 


-hand- part: of Equation (16) is constant ‘for the game 
a Equation (16) gives: important relation between and ele- 


4 Sd = = (17) 

To meet a requirements for hydraulic similitude an and the ‘drag” theory, 
both (18) and ay must hold, or: 


search for. the the’ ‘slope ‘and elements some 
ba stable alluvial channels which are hydraulically similar, led ‘Dr. ash ard 


© Proceedings Am. Soe. C. E., April, 1934, p. 5957, oti seq. anak 
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TCHIKOFF ON SAND MOVEMENT IN FLUVIAL MODELS 


‘ff! (19), Ky = 38 98% (its value for the Lower Chenab Irriga- 
TABLE 5.—GENERAL ‘Hypravtic Factors ; Britisu bey 
Name of irrigation | of obser- | factor, Kr |°fhydraulic) pyumber, |from mean Square Meter 
project F vations | (percent- @simili-@) | (percent- |— — 
ages) tude, | | ages) Maxi- “Mini- f 
Bari Death... 22 | 415 | 7.20 | 35.3 | —12.8 | 381 | 88 
Lower 5 | 398 | 8.86 | 444 | 
4 This new type of ‘equation for the Chezy coefficient is most correct com- 
_ pared with all existing formulas, such 2 as, 3, those of Kutter, Bazin, Manning, 


has been suggested by the W. Am. Soe. C. 


_ Equation (20) has numerical coefficients corresponding to the coefficient: of 


The idea of the kinetic factor facilitates judgment of the 
f a of turbulency of flow. Table 6 gives the kinetic factor for the lower limit of N 


‘TABLE 6.—GeENERAL Hypravutic Factors; Sanp, Serres II, 


~ 
Reading fores, in factor Coefficient | Hydraulic | 
square ages) similitude | 


— * 

| 

ss tractive force and the adjacent readings (Column (4) : fee Series I of the 


me author’s data. . The kinetic factor va varies ; from 34% for a | slope of 1: a 000 to 
80% for a of 1:400, being more constant for smaller slopes. 


News- ‘Record, May 10, 1934, p. ™. 
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ovember, 1934, _-TOHIKOFF ON. SAD 


in which, D, is the diameter of the sand grains, in inches. _ Sand of Series 0 
had the maximum diameter o of 1.77 mm = 0.07 in. and | a median diameter r 
of 0. ‘mm = 0.02 in. Substitution of diameters into Equation. (21) 
‘3 at 
gives: corresponding value of the kinetic factors as 9. 0 and 4.8%, 


Comparing this of ‘the kinetic with that of ~ 


"prototype corresponding to ‘the ‘ “geschiebe” in n the must t be 

coarser. Its size of grain, calculated according to the kinetic the 


flume, will be, for = = 0.8 80, — D= 5.5 i in., , and for = 0. 34,—- D= 


la ld 4128 ‘3 | ge 
Q Asa oa Mm | 4 
Bear River. . . 2.36 | 2.7 | 9.30 | 17.0 
Sand.........] 23.55 | 1.40] 1.08] 1.5 | 2.59]. 8.6 
Louden...... Clean sand. 62200 | 1:52 | 1.66 | 3.8 | 5.63 | 17.7 
:1694.... Fine silt bed. 40.32 | 1.66 | 1.47 | 2.6 | 4.04] 8.8 
| —6-204.....]| Fullerton..... Loose sand bed| 15. 72 | 1.03 | 1.14 | 4.93 | 3.92 | 14.4 
lateral... . 1.42 | 3.86 ]22.0 |32.6 | 51.2 
Sand bed... «4.44 0.66 | 1.20 6.78 | 15.5 
21a... Rocky Ford. . Loose sand bed 41. 20 | 1.52 | 1.68 | 5.8 | 5.74 | 11.7 
1.87 | 4.66 [36.6 |36.1 | 58.2 
— 


og To give a concrete idea 1 as to to the value of | the kinetic factor in vane 

ves Table. Tis given, based on some > alluvial canals studied by Fred C. Scobey, — 
M. Am. Soc. The last two lines of Table 7 .give data on the 
“Mississippi River and its model | according D. Vogel, Assoc. 
Am. Soe. C. E.“ 


Channels in Alluvium’”, by Minutes of 


“ Bulletin No. 194, U. 8. ‘Dept. of Agriculture. 10. 


“Geometric Versus Hydraulic Similitude”’, by Herbert D. Vogel, AI 


4 


2 MENT IN FLUVIAL MODELS 
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‘TOHIKOFF ON SAND MOVEMENT IN FLUVIAL, “MODELS 


Comparison of Tables 6 and 7 in relation to the kinetic factors. ‘and 


—Only two cases. (Nos. 170a and 214a Table 7), the kinetic factor 


‘on = 


» bei eing 32.6 and 36. 1, more « or less ‘approach the ¢ same value i in 1 the flume. ‘There 
gravel in both cases. This ‘proves: again 


material in the flume. = 


197 2 tractive forces ‘in Table are higher | in ‘general ‘than in the 


Two are referred” to the same with a “gravel bed, in 
a _ which, T = 980 and 2 OST & per sq m, and the third i is the Mississippi River, q 
ae. _ with. T = 684. All three values are much g greater than the tractive fore es - | 
_ ‘The author suggests, as the most praetical procedure, ‘that the 
taken from the prototype be tested in the: flumes, but such ‘ ‘geschiebe” pee 


in a “model flume will correspond. to: a much coarser material in the proto- 
type. i designing the model of a channel with a different kinetic. factor, 
it is necessary to take the corresponding bed- load material and, if Equa- 
tion (21) is more or less correct, the ratio of th the ) diameters of the “geschiebe” 
“must be equal to the kinetic factor, , Squared, 


Columns (7) (8) 5 show the n maximum and minimum 


larger than in flume, scouring has no place. 


ae The author referred to Gilbert’s conclusion 1 that with equal width-depth 


ike, the result of experiments with a flume | are, in general, =e 


transferable to channels of different trace. This means that. if the. cross- 


sections of the ‘model and the prototype are a rectangle, they are geometrically 
similar; but -sections of models of hydraulically similar 


should be distorted”. ii and this distortion must be given consideration = 


ea use the preservation of hydraulic similitude depends not only or on the same — 
ki netic factor, but also ¢ on the form of the cross-section. To express this 
de 


a 
ependence the writer suggests the following equation” bor 


| 


Y isa for hydraulically ‘similar channels and may 


Another interesting relation. between the kinetic factor, and the co- 


the same hydraulically similar channels: However, this: last coefficient 
(termed the “hydraulic number”) presents: an interesting parameter 
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abe Table 5 gives t the value of H for three British Indian irrigation projects - 
‘patted the channels are e hydraulically similar. The hydraulic numbers for 
_— three different projects with stable alluvial channels are about the same S 
(approximately 40. 0). This naturally Suggests the idea that it is quite 
probable. that all stable alluvial channels have the same hydraulic number. 
Stable alluvial 1 channels are understood to be non- -silting and non- scouring, 
ideal channels with a uniform flow of water and a full silt-load. The > value 
of the hydraulic numbers is computed for channels given in all the tables. 
It is of special interest to note that Lieut. Vogel’ s model has’ the same 
exact value of hydraulic number (40), while all others in Table 7 have e larger 
values. The value, 40, appears: to be a limit. All channels in Table 7 are 
- ‘non- -seouring, and if the value of the hydraulic. number in the alluvial stable 
channel is less than 40, it may be assumed that they have oem tendencies _ 
when the kinetic factor corresponds with the silt material. 
In data concerning the scouring of some drainage channels by 
tles E. Rameer, “ M. Am. Soc. C. E. (Table 8), the hydraulic number | 


TABLE Hypravtic ERopIna Dralnace CHANNELS 


— 


i 
Slope, 5 X 10-4 


Description of 


channels 
Discharge per 
second, in cub’ 

feet 
Hydraulic radius, 
Mean velocity, in 
feet per second 

Tractive force, 
in grams per 

aquare meter 


Alluvial, sandy, 
Tupelo, wax-like clay. 

Creek, near 


near top to wax-like|1 354 

3 | Shannon, Miss. 

4 

1*/|South Fork, Firm, 

2 | Deer’ River, 

3 | near Jackson, 

1*/North. Fork, 
2| Deer River, 

| nearjTrenton, 

U4] Tenn, 
1*/Sugar 
near Hender- 
son, Tenh. 


NN 


PROD 
WHO 


~ 


d 


* Original cross-sections at time of construction computed from dimensions of channels given in specifica 
c tions, ns. Mean values were computed without considering original cross-sections, 


changes from 14.9 to 99.4 (less than 40) and the author’s data differ ig 


phenomena of scouring does not occur in Nature as in a’ ‘rectangular 
flume. First, it is. known that the upper parts of the channel’s | banks, even 


rosion and Siltin of Dredged Ditches”, by Charles BD. 
Bulletin No. 184, U. S. Dept. of Agriculture, June, 1 


— . 

— 

7 

— 

1 280| |3.98| 7.4 | 7.4) 5.9 | 5.2 | 21.8] 19-1] 904 4 

2 402 11.6] 7.4 | 10.8) 4.7) 4.7| 17.3) 

.29) 8.4] 8.3] 7.1 | 6.0 | 24.4) 20.811910 #é 

.15] 7.8 | 7.5] 4.2 | 4.5 | 15.2] 16.6]1 388 

:02|10.1 | 9.91 6.3 |6.0| 19.6) 18.9] 176 

| 
.38] 9.1 | 9.0] 6.4 | 6.7 | 21.3] 22.4/1 2320 

— 

— 

— 
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0” BRIEN AND ON SAND MOVEMENT IN IN FLUVIAL UVIAL MODELS Discussions 


Gud 
under normal conditions, have a tendency to wash out, become round, and 

settle. | The depths of water in the upper parts, and tractive forces, are less; 7 
but scouring occurs : and settlement of washed 1 material also occurs where the 

aT Scouring and silting on a bank do not depend ¢ on the depth of the water, 
but. on its velocity. Increased velocity will scour 1r the banks” of the channel 
and make it wider. A deep: narrow stream has a tendency to widen itself, 
but the shallow wide stream will deepen som some e part of the channel to become 

- narrower by silting the remainder. In both cases the stream inclines to. 

adjust itself in stable channel. ‘Two critical conditions for erosion and 

silting, i in the writer’s opinion, depend upon the condition that the kinetic 
factor must correspond to the transporting material and hydraulic number. 

For any particular kinetic factor | and ‘silt there will be two 1 values “of the 

_ hydraulic number between which the channel will be stable. fe For channels hav- 

s a non- -cemented or non- -packed bed of the same silt, carried by aged 
charged water, there will be the same hydraulic number (equal probably t 
_ about 40). In the case of a settled bed the difference may be considerable 

cohesion between the particles has to be overcome. The finer the settled 
materials, the larger the molecular bonds and skin Station will be; but the - 
“gravity action increases with the size of the particles. 7 Therefore, clay and 
sand both need higher velocities to cause ‘erosion than the coarse silt, which 
aires minimum erosion-velocity conditions.” 

7 ‘There is no turbulent flow with parallel filaments of water. The distribution — 

velocity over the cross-section is the all-important factor. Cross- currents 
"greatly affect the phenomena of silting and scouring. ‘Velocities at any 
point | are constantly changing. Scouring and silting depend on on the dis- 
tribution o: of velocity along the ‘cross-section (especially at 1 the | bottom) and 7 
‘not so much on their absolute value as on their relative changes. If a_ 
model these relative changes 0 of velocities should be about 


the same in the prototype. ‘This explains why hydraulically similar, 

alluvial, channels are. capable of transporting the same material. 
‘In studying any phenomena of flow in channels by the 1 method of models, 


the ‘first: is the hydraulic similitude « of flow. 


Sten: may a qualitative ‘meaning. mad doubt, however, 
the author’ 8 work - (especially 1 his new formula for tractive forces based 7 the 
graduation curve) is very y important i in laboratory practice. 
(by letter) —The rate of movement of bed- load in ighan- 
is known to increase tractive force and, for this reason, 


_ visual determination of the critical - tractive. force is probably sufficiently 


Assoc. Prof. of Mech. “Eng. Univ. of California, ‘Berkeley, Calif. 


Berkeley, Calif, etary Angst 25,2084, if 
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accurate for model work; but for establishing 2 a ‘a general law, the more precis a 
weighing: ‘method appears desirable. In this | connection it should be men- 


tioned that there is quantitative evidence indicating that each fraction of a 
_ mixture behaves approximately as it would if present alone, at least in the 
region of. general movement. this statement is true of a mixture acted 


upon by a tractive force too small to move the larger fractions, the critical - 


h fraction can be obtained approximately by analyzing 


tractive force for eac 
the material caught in the weighing pan. For each sample, the tractive 


baa acting | is approximately the critical value for the largest particles caught. 


use of depth times slope : as the tractive force | is perhaps sufficiently, 


7 —- for model work; but it is not a sound procedure si since some re- 
447) 


‘sistance to flow is exerted by the walls of the channel. average 


i on the bottom exceeds the average value i in most cases ond ech 


In regard to the slope to be used in ‘computing the nites. if 
sufficient data are not available to compute the slope of the energy 

the slope of the bottom is more nearly correct than that of the water sur- 
if the bottom is inclined in the direction of flow. 


Radian: of tractive force over the wetted perimeter of a 
channel. Another method that. appears to be more sound can be 


y von Karman’s theory of turbulent flow near a flat boundary surface. 
_ The essence of the theory ‘underlying this method is that the velocity dis- _ a 
tribution, at a. ‘a distance from the boundary greater than the thickness of the wa 
laminar layer, depends only upon the Shearing or tractive force within 
the fluid. The equation for the tractive force is: ¥ 


‘Le 
in which, pis density and Uo are the velocities at distances, 
and Zo, from the boundary; and c is a coefficient found from experiment 
to have a value of 0.4. In order to apply Equation (25), velocities “must” 


have been measured at Richeneen from the boundary which are small as com- 


een measure 
pared with the dimensions of the cross- -section. _ Application | of this" method - 
to the 


involves the construction 1 of velocity profiles along lines perpendicular 


An interesting possibility of this ‘method is that it may be he 


‘rate to > compute the value of the friction coefficient from the velocity dis- 


5“Toward a Theory of the Morphologic Significance of Turbulence in the Flow of 
Water in by John | B. Univ. of California Publications Geography, 
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of. this:m ethod is that it would give the av average value of n n A 
cross-section rather than the average over a finite reach. Dena: 


es 
Assuming that T has been computed for a number of points the 
wetted perimeter, the total resistance per | ‘unit length of channel is, 


in which, ; p is the wetted ‘perimeter, and dp is an ‘infinitesimal length along 
The total resistance is obtained by m measuring the area under the 


as computed by the Manning 


r the re- 


in which, A is the area of the “section, and 
~ Comparison ‘of the value of n ‘co 
usual way will give a check on the validity von 


Returning to ‘the critical tractive force and its char- 
acteristics of a ‘sand mixture, the writers are not convinced that the modulus, 

_M, brings about an improvement in the correlation of the ‘existing data. An 
al analysis” ” of the data of Gilbert and others indicated that the critical 1 tractive 
force « can be r ‘related to the “median diameter alone, with the same or less 


deviation of individual points, and the relationship is much 


No quantitative theory of | bed! ‘movement. ‘yet advanced ‘rep: 
resents all all the factors involved and, for the present, at least, the characteristics 
‘of each sand to be used in a movable- bed model must be determined inde- 


pendently. ‘A general theory i xperimental 
_ work will be required to develop one that can be applied with cdiihadde In 


the meantime, engineers designing models should use “present equations 

- 


Herperr D. Voorn," Assoc. Aa. Soo. 0. (by letter)"™,—The work 

‘Captain Kramer in Germany, as reported his paper, has served the 

a past few years” as no inconsiderable aid to all experimenters — interested in 


performance of model streams. ‘to ‘the release of his: data much 


design a -movable- bed more ‘recently, it has been possible 
ss, to approach each problem from a standpoint of reason and logic. nit ay ~~ 
. 7 ‘Two statements of the ony appear worthy at this time of special repeti- 


tion emphasis: (1) “* * strict ‘compliance with the laws of 


Transportation of Bed-Load by Streams”, by M. P. O’Brien, Assoc. | M. Am. q 


Soc. C. E., and B. D. Rindlaub, Transactions, Am. 


: 
‘he Received by the ‘September 21, 1934 eb. 


Lieut., Corps of Engrs., U. S. Army, Fort Leavenworth, 
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.similitude must jn fluvial models in which bed ‘movement is 

of predominating importance;” and (2) “since it [Equation (10)] was , derived | 7 
from limited | data, its. scope of application and ac- 
curacy are subject, of course, to obvious limitations.” 
x quirements for adequate bed m movement in a a fluvial ‘model : are at. 
with: those indicated for preservation of strict Froudian relationships. | This 
is true. because for any fixed ixed model depth it is generally necessary to apply 
E ‘steeper slopes in order to ‘produce a movement of the bed material similar to 
that of ‘Nature, whereas t to secure a velocity to the “Square root 
of 1 the vertical seale, a model must be provided, in nearly every case, with» 
- flatter slopes than would result from normal distortion. m. Similarly, a large” 
_— of distortion is conducive to greater bed movement, whereas | little 


or no ‘distortion is desirable from the standpoint of satisfying | the F roudian 
Thus, the experimenter is faced with contradictory requirements, and 
the only s solution is by way of deciding from an estimate of the situation the 
of attack to pursue, keeping in mind the to be accomplished. 
_ the minds of a toe as to the reliability of his wniferiity modulus. i ‘This i is 
relatively unimportant, however. because future investigations will- serve to 
_Teveal better values for it from time to time. _ The important. fact is that | 
a start has been “made | in ‘the right direction ion and a line thus indicated or 


Investigations are being currently different: parts of ‘the 


Ey to determine specifically | the effects on movement resulting from chang- 


ing the ‘specific gravity or tl the mixture of the bed | material. — Tests are also fs 


of 


being ‘made to determine volume ‘rates of movement and the effects: a 
turbulence, roughness, etc., on movement. All these have followed from the et 


ioe investigation conducted and reported upon. by Captain Kramer. | 
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THE RESERVOIR AS AF FLOOD- -CONTROL 


D talent of a basic nature is assembled i in this. paper concerning the fune- 


methods of operating r reservoirs and, correspondingly, of design, are presented, 
rs together r with c outlines of various manners o of combined reservoir r usage for 
14 flood control and other purposes. _ The methods of operation, and, hence, of 
; which have been and will be developed to solve the mass of routine and 
: tedious computations in’ involved in n the st study of a ‘reservoir system are ; equally 
Py, paper has been written with a background largely of the Mississippi 
River, which, as the author points 0 out, is undoubtedly the “N 1” flood- 


and ‘points: of view which are not strictly applicable to projects of lesser 
«size and scope. As an instance e, consider the “numerous” references, the 
paper, to the use of selected maximum floods of record in designing the con- 


structures. ‘While a a considerable reliance on past records of stream 


flow may be justified when the flow comes from large areas and diversified 
‘sources, as in the case of the Mississippi, an equal reliance on past stream- 


eo af flow records may | cause grave error with drainage areas of only a few hundred 
or a few thousand square miles. In such i instances, careful investigation of 


the rainfall probabilities must be made, as a single, heavy downpour may 


project, as that required i in the case of the Mississippi, create many situations 


re 


= 


a result in a ‘run- -off much greater than anything that has been experienced 
pe a in the past, fi ‘From the results of such an investigation, assisted, of course, 
Ss by data on . flood discharges of the past, a design flood may be ‘determined 


9G ~~ Nors.—The paper by George R. Clemens, Assoc. M. Am. Soc. C. E., was published in 
, 1934, Proceedings. This discussion is in miner in order that the 


Cons. Engr. (Young ‘Stanley, Inc.), 
14 Received the the Secretary August 18, 1934, 


tion and the design of reservoirs as flood-control structures. A number of 


design, of | reservoirs for flood control are numerous. The ingenious methods . 


- control problem of this ¢ country. . The « size and scope of so ) large a flood-control | 
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which will a basis for the proportioning of the controlling structures, 


Past records cannot. be used blindly on any occurrence as far beyond the 


control of Man as rainfall and run- off. — a 
“What would have been the standards of Sain a controlling structures 
and the criterion of flood discharge on the Mississippi to-day, had the floods | 
of 1997 been delayed until 1937 by some combination of hydrological cir- 
cumstances beyond the ‘control of Man? * 
Furthermore, small drainage ‘areas do not offer the opportunities of 
-dicting | and ind forecasting ‘run-off and -Tiver stage which ar are possible on a 
system the s size of the Mississippi where reasonably accurate predictions of 
conditions may be made days and, s sometimes, weeks in advance. In ‘contrast, e 
“the floods on the s small areas may develop within 24 hr and may come without 


warning as a 


a result of a “peculiar ‘combination of rainfall and run-off con- 

ditions. The likelihood of sudden and sharp floods tends to rule against the — 

intricate and | completed schedules of -Teservoir: operation which may be 

designed and used on a larger system where more time is available and — 


there is a competent staff to carry” out the work of predicting the i 


and scheduling the operation of the reservoirs. = Indeed, the probability of 
‘dependent u | upon the human element. . This tends to eliminate the reservoir 

Considerable. controversy has raged between those advocating the use of 

| reservoirs to limit the flood discharge and those advocating the use of struc- 
erty, and loss of life. This purpose is accomplished by constructing the 
non. | Becessary | structures to assure that the maximum flood ‘discharge at the point | 
a & The function of a reservoir is to decrease the flood peak p passing ¢ a given 
point, or points, and the function of channel improvements, levees, flood- 


the sudden and sharp flood peak on the small drainage ar area seems to demand, a 
in most cases, a structure t the operation of which is automatic and is not a 
with an outlet controlled by gates out to favor the u use of the retarding type 
of ‘Teservoir, OF the complete elimination of "reservoirs in favor of levees, 
| tures, ‘such as levees, floodways, etc., which increase the carrying g capacity of 
ode the channel. Much of such controversy. might be avoided i by giving ental rid 
attention to the purpose of economical flo flood control, Soy 
be protected i is within, the carrying capacity of the channel through which 
the flood must pass. Obviously, this end m may be obtained by decreasing the 
‘size of of the flood peak, by increasing the channel capacity, or or by a combination 


channel improvements, ete. 
purpose of flood ‘control, of course, , is to prevent damage t to ‘prop- 
of these two methods, tad? otevibal Jo. 


anced ways, ete. .. is to increase the carrying capacity of the channel, Theoretically, 
irse, ‘suitable protection might be ‘obtained by the use of either reservoirs alone 


ined @ OF by channel improvements alone, provided, of course, that suitable reservoir 


sites are available. The reservoirs must be sufficiently large to limit the flood — 
flow to the capacity of the unimproved channel, or the channel ‘must be | of 
sufficient magnitude to provide a channel capacity eapable of carrying’ ‘the 


oe 


maximum ‘unregulated flow. In : many cases, one of these solutions — 


ed in 
t the 


— 
— 
4) 
4 
— 
— 
ah 

2 
- 
— 
| 

— 
q 
| 
— 
— 

— 

— 

~ 

— 
— 
a 

— 


EY RESERVOIRS FOR FLOOD | CONTROL 


agueetiinl and most economical answer to the sien, but. in 
combination of the two methods (that is, the use of both 


reservoirs s and channel improvements) may provide. a more economical solution. 


_ The proportion in which, they should be combined is largely an economic 
= problem which must be solved for each project. As an example, assume the very 
= simple hypothetical ease shown in Fig. 12 of a flood-control project to protect — 


to. Reduction in Maximum Discharge at City by 
Reservoir, in Thousands of cu ft 
00 80 


by, Reservoir 

OF 


Regulated Area 


PAY 
wit 


- Cost of Improvement, in Millions of Dollars 


« 


flood from ‘this area is assumed to be 100 000 cu ttt per 8 sec. On the 
water-shed of this river, it is possible to develop: a single reservoir that will 
regulate the flow from 10% of the drainage area. existing channel 

through the city is of carrying 40 000 cu ft per sec,” or of the 


channel, an expenditure of $10 000 000° may be required. If, on 
the other hand, the reservoir ‘is not developed and flood protection | is ob- 


tained solely by improvements to the channel, onstruction of levees, 


of ‘this, it would “indicate { that the of ‘alone 

might be the most economical solution, 
ah However, there are possibilities. of combined development which will pro- 
vide a a more economical arrangement. ‘Suppose, for instance, that the channel 
4 is improved to increase its carrying capacity to 50000 cu ft per sec of the 
maximum flood peak for which the system being designed and 
i: the reservoir is developed to limit the flood flow in the channel at the city t —_ 

| BOC 000 cu ft per sec, or 50% of the maximum flood. As 30% of the drainage — 
de area is unregulated, this will mean that the reservoir be. capable” 


the flow from the area controlled to 20000 cu. ft per sec, thus a 
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| application. ‘Such methods were developed and ‘used in i 


19384 


g St DY 


Cost of reservoir. ... 950 00 000 
Cost of channel 450 000 


ee eee eee eee eee eee 


This represents. a saving of $600 000 over protection by channel improve- 7 


study of further combinations of reservoir development 


improvements (made from the curves of ' Fig. 13) indicates that a minimum 
cost of flood control will be obtained with a channel capacity of 78% of the 


7 


- maximum flood peak, or 78 000 cu ft per sec, and a reservoir capacity suf- aa 
to reduce the flow: at the to 78 ft per sec. _ Under 


70000 cu ft ‘on the 06 48 000 cu “ft per ‘sec, or | by. 22 000 | cu 


‘This: simple ‘is illustrative of ‘results that may be obtained, 
y an intelligent combination wil improvements. 


Naturally, the usual flood- control project. will not be as simple as the hypo- 
considered herein, but the meth 
ed in design of ‘the 
Miami Conservancy District* which, of course, , presented much more 
Reservoir and channel improvements both have their places i in flood- control ss 


work; both have their advantages; and both: have their limitations. The 
design of any given flood- -control project should 1 not be concerned ‘solely, with ie 
the relative merits of reservoirs. alone or channel improvements alone, but oa 
should be concerned with obtaining the ‘most economical plan, 


often be a combination of reservoirs and channel improvements. 


of Miami Control Project”, by Sherman 
‘Repts., Miami Conservancy Dist., 7, Chapter (12. 


r e at the city” to 50000 cu ft per sec. Wi 
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DISCUSSION 


MEssrs. D. BENJAMEN GUMENSKY, WALLA cE M. LAI LANSFORD, 


fENSKY," Assoc. M. Am. Soo. C E. E. (by letter).” ‘The 


M The section on “Loss of Head in Bends” is of extreme interest to the designer — 
¢ large pipes where t the 1e cost of head is high. | In such ¢ cases the loss of head A 
due to bends may have considerable influence on the selection of the most _ 
economical size for the pipe. _ 


The loss of head due to bends was a subject of study | in connection 


now under (1984) by The Metropolitan Water Distric: 
of Southern California, has i in its s main part” 150 siphons, aggregating 27° 
miles in length. In these siphons, head losses due to bends are computed b by q 


which, ho is the in ‘one we bend: the me mean velocity i in the pipe; and 


the acceleration duc due to gravity: and oh 


in which, C isa ‘coefficient on ratio of pipe diameter to radius 


of bend; and A is the deflection angle, in degrees. 


Equation (4) ° was devised several years a ago by Julian Hinds, M. Am. Soe. 
in an arbitrary manner, a after a study of the discordant 


“Titerature on the subject available at that time. 


Nore.—This paper by David L. Yarnell, M. Am. ion C. E., and the late Floyd A. 
Nagler, M. Am. Soc. C. E., was presented at the Joint Meeting of the Power Division o 
_ the Society and the Hydraulics Division of the American Society of Mechanical a 
at the Annual Convention, Chicago, Ill., on June 29, 1933, and published in August, 1934, 
Proceedings. This discussion is printed in Proceedings in order that the expressed 
‘May be brought before all members for further discussion. To.) 
‘6 hae. Engr., The Metropolitan Water Dist. of Southern California, Los Angeles, Calif. — . 


— 
— 
. 
— 
— 
OF WATER AROON ™N 
Py. 
4 
— 
— 
he 
— 
a: 
a f 
4 
| 
| 


<i Although the total head allowed in| siphon bends on the aqueduct is ap- 


pr -eci able, the effect of bends i is small in comparison with other factors, and it 


considered safe to proceed with Equation (4) without attempting to ) sub- 
stantiate it experimentally. However, the writer and ‘others: were > interested 


. in the problem and attempted to set up a small-scale experiment on their own 
Proctor, Assoc. M. Am. Soc. C. E., , and members of his 

st made water and facilities available and assisted with the experiment. 


er 


‘It is described herein in order to supply additional ‘experimental | data, and 
in the hope that the several points of discussion will merit Mr. ‘Yarnell’s atten- 


tion in. the closing g discussion. 
‘The e: experiment ‘consisted in m measuring the bend losses in a 2 by 2- in. 
‘square pipe for different angles of bend and different ‘radii of curvature. 
“Measurements | were made ¢ on bends of 180°, 135° , 90°, 45°, a and 20° for radii ¢ of 

4 ae -of 20, 8, and 4 in. - Velocities varied from 5 to 16 ft per pee 


of Connection 


Pressure ~ Outlet End 


\—Piezometer Connections Point of 


re 


8"Circular 8"GateValve "Pump, 
2"Square 


‘int of Connection- 


we High Duty Water Meter 
Calibrated 


mped from a well ‘through a calibrated meter and a into an ft tan- 


gent of 2 by 2-in. square pipe; then it was passed through a bend, an 11- ft 
tangent, and discharged into the air. The outlet end of the straight tangent | ‘i 


had to be constricted order to build up back pressure. ‘The same two 
tangents used for all set-ups; and each bend carefully fitted and 


aligned between the tangents. The connections were made by soldering 


seams from the outside and being careful that no > solder would pi project mal “ug 

* section of the pipe and form an obstruction. 2 
With a differential pressure gauge the loss of head was measured 


eae 2 in. “up ) stream” from Bend (A) to a point 1 in. “down stream” from 
the end of Bend (B), and from the latter point to a point 8 ft fi farther 


along the tangent to Point (C). Then, as a check on the two ‘measurements, 
-over- all loss wa was measured the point above the bend to point near 


— 
— 
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huni 

‘Bice 
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a 
4 
4 was compared with the experimentally determined loss of head in the identical =— i” 
lengths of straight pipe for the same velocity. The difference was considered 
a q 


Gy 
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The results to ‘coefficients of velocity ary in Equation (4) are 


hown i in Fig. 13. Although the work was 1s done with rather crude equipment 
the results are reasonably consistent. % The general trend of variation and id the 


Fig. 12.—Spr-Up ror 10 Decree 


by The solid, lines denoting values of C 
defined 1 by the results of the test. The curve for K by Equation (5) i 


“CG = 0.25) is that used by The Metropolitan Water District of Southern 
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falls” almost exactly o on the line: “ved eon» = 


K=016(4) 


coefficients of bend loss for 180° fall out of the and 


4 
"proportionately are much smaller. No satisfactory explanation of this devia- 


Straight Pi 
Si | 


a ‘Observed _ 


Elevation in Feet 


(a) BEND: | 


Observed _ 


Average Gradient’ 


Values of Value 
2 


Right Side 
istoon 


tion in 
e 
| 
4 


—Total Loss 


eva 
Friction Loss - 


‘| “Bend Loss 


BEND 


0.03 0.04 0.08 0.10 0.30 
Fig. 14. ‘Benn Loss MEASUREMENTS 


tion can 


— 
—_ 


of K increases with increasing velocity. This: would indica 


& that the bend loss is proportional to a a power of V greater than two, which is 
( contrary to Conclusion (7) of the paper. er. The character: of the experiment and 
the results obtained do not warrant an cares determine the 


“Actual observations have shown that: this “pressure on both sides of 
straight pipe below the - bend varied, changing from the position above 
the average value to that ‘below it, as if the water were bouncing from one 


side of the pipe to the ‘other. This was disclosed by observation on 
- eonnected to both sides of the tangent below the curve, which can be seen on 


. Figs. 11 and 12. ‘Fig. 14 shows the typical ‘measurements and ‘the losses. 
The curves shown. are not smoothed out, but are drawn through points of 
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4.0 


Brightmore® in on elbows 
and be bends in 3-in. 4-in. pipe. Examining the authors’ Fig. 8, it is readily 
seen that conditions were similar to those described herein. _ The « energy gradi- 
*. ent in a tangent following the bend is , steeper than that for the straight pipe 
"and does n not become parallel to it for a distance varying between 5 and 15 ft 
Zz ‘Iti is a regrettable fact ‘that all ‘the ¢ e observations made thus far have een on 
pipes of small diameters. ” Application « of principles « of similitude to the exist- 
ing experimental data in ‘order to determine the probable losses in large pipes 
would be 1 uncertain and speculative, although i in actual practice engineers are 
forced to assign 1 definite values to bend losses in large p pipes. — eo a 


= ‘Iti is sincerely hoped that i in the near _ some | one will be able to make 


measurements of of bend losses i in in large pipes. 
WALLACE M. Lansrorp, Assoc. M. Am. Soc. C. E. (by letter). ee —The sug- 7 
gestion of the authors to use pipe bends flow meters is a valuable 
one, although they are the first® propose such ha possibility. 


~ The: writer first heard of this method of ‘measuring the flow o of water in the 
discussion of this ‘paper by the late ‘Professor Nagler following its oral pre- 


were 
sentation.” the summer of 1933 writer made : a series of tests which 
- seem to verify "two conclusions reached by the authors, first, that an elbow 


| 


4 ina pipe line could be ‘used as a flow meter; and, second, that where great 
accuracy is required, each elbow should be calibrated. 


ha — Since relatively few experimental data are given in the paper, the > writer’ Ss 
7 experiments 1 will be stated in some detail. . ‘Tests were » made ‘on three cast- 
iron, flanged elbows located in a pipe line - in the Hydraulics Laboratory of 
the University of Illinois, under the direction of M. L. Enger, M. Am. Soc. 
©. E. The radius of the inside bend of the elbows and the nominal diameter 
of both pipe and elbows were 4 in. The length of straight pipe preceding each 
elbow was 150 ft 2 in.; ;8 ft 6 in.; and 128 ft, , respectively. The | pressure ‘con- 
in. in were made on both the inside and outside bends 
of each elbow at points approximately 45° from each - flange in the plane of 
_ symmetry of the bend. An individual differential g gauge luge was used for each > 
elbow. The fluid (carbon tetrachloride and gasoline dyed Ted) used in all 


three gauges was mixture, » thereby assuring identical 


rae 
10 “New Method of ag ‘Measurement by U se of mows in a Pipe Line,” 
27 : von 
Elbows references: Isaachsen in Zivilingenieur, 1886, p. 338, and 1896, 352; Kankel- 
about 1870); “A Flow Metering Apparatus, by A. M. Journal, 
S. M. E., September, 1914; “ The Hyperbo-Electric Flow Meter, d Power, June 26, 1923; 
aoe “The Flow in Curved Pipes and Its Stability,” by Otogoro Miyagi, Vol. XI, No. 1, 
1At the Joint Meeting of the Power Division of the Society and the Hydraulics 
‘J tg Division of the American Society of Mechanical Engineers at the Annual Convention, 
on June 29, 1933. 
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efficients. — The velocity in the pipe was controlled by a valve at the outlet end. 
The discharge was measured by letting the water flow in into a calibrated pit 
‘tank which had a cross-sectional area of 28.20. sq ft, and noting the rise of the 

water ‘and the elapsed time of each run. The water could be turned quickly 
into the pit tank or diverted from it by means of a swinging pipe. 
‘During any one run al all ‘three 

gauges: were read when the w water 
flowing into the pit tank, thus 
seating the same discharge through ; 
each elbow for ‘any one set of re read- 
‘ings. ‘Time was measured by a si top 
watch. Water was taken from a 
stand- -pipe, ft diameter and 
65 ft high, near ‘the top of which (4 


Water flowed over 1 this 


taining constant 
all the tests. Data were taken 


in several runs with velocities vary- 


(0.77 ft per sec to +5. 72 ft 15—Saction ov 

‘Using a small Canal of water of length, a and of cross-sectional area, dA, 


Po m) dA =(Dp=)—d ...(7) 


i 


in which, V=1 mean velocity of water in pipe, in feet per second jo = uni 


intensity of "pressure a at inside of bend, in pounds per square f foot ; Po = = = unit in- 


ie tensity of pressure at outside of of bend, in pounds per square foot; rT = radius 


of the mass center of the prism, i in feet; and D = diameter of ehow, in feet -_ 


Equation (8) shows that. the difference in pressure head between the out- 


is side and inside of an elbow through | which water is flowing, is a constant 
times the: velocity head (based on the average velocity), provided the value of 


& r - does not change for different rates of flow . Ordinarily, the radius, 7, is less 
than the radius of the center line of the elbow, because the } velocity of flow is 


4 highest near the inside of the bend. | However, with abnormal distribution ok 
velocity a at ‘the entrance of the ‘elbow, the radius, r, might ‘be increased or — 
The curves in Fig. 16 show the relation between Ck and the average velocity 
S in the pipe. It can be seen from these curves that cx is a constant for each — 
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elbow. when the of | the water in er 
sec, or greater. This agrees with the « conclusion of the authors ‘that the elbow 


_ Average Velocity in Pipe in ft per sec TL. a) 


Fre cy AND VELOCITY IN PIPB FOR THREP 4-INCH 
(Raprus or Insipe Beno, 4 INCHES) 


is val valuable le as a a meter, and that each elbow ‘should be calibrated for = 
use. The more constant, value of Ck. for each bend was, as follows. (see Fig. 


= 


in 


Later, all elbows w were 1 in ‘all in the pipe line, but the di- 
rection of ‘flow through them was not changed. Values of cx for the elbows, when 
in the latter positions, deviated about 3% , from those shown i in Fig. 16. This 
difference could be due to the effect of pf horny gaskets, « or to the eccentricity ; 


of the elbows caused by a large clearance of the bolts in the holes through | the 
flanges. es. The length of straight pipe preceding each p Position of the elbows 
‘seemed to be sufficient not to affect the value of 
From Equation (8) ‘the theoretical value of Ck for the elbows tested 


33, if? r is taken as the radius to the center of the elbow. 


wee 


4 
a 


— | 


Feet 


1g f cr, a Pitot tube traverse was made of Elbow No. 2 when i in the : southeast 

position where | it was preceded by 150 ft 2 in. of straight pipe. . The: measured 

velocity curve is shown in Fig. 15. This curve is quite ‘different from that 


assumed i in the theoretical analysis. A rough calculation of r for this velocity 
- distribution, assuming the water to flow in stream lines, shows it to be about 
5.72 in. instead of 6 in. Therefore, Cky would = 1. 1.40. will be 


that a small inr value of cx materially ; thus, when 
Ck = 1.50. 1 


between the actual and theoretical values of 


On the basis of the information obtained from the tests herein reported, 
useful device known as a flow indicator has been built and i is being used | 
successfully i in the Hydraulics Laboratory of the University of Illinois. The’ 
centrifugal ‘pumps that supply the water are on the basement floor, approxi- ; 
mately (5 ft above the level of the» water in ‘the ‘supply channel. - The control 
switches for the motors that drive the e pumps are on the floor above. oe 
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pump is started it is convenient | wed important to know whether or not it is 


Dcsisamen! delivering water. The device i is shown i in Figs. a, and 18. It ced 7 


Z 


“Fic. 17 FLow INpIcaToR ‘ots Fic. 18. ‘Fiow INDICATOR INSTALLED 


“span as a fulcrum. The cylinders, about one-half full of mercury, ar 
directly connected beneath by pipe. - #s-in. copper tube that connects 


the left eylinder to the manele bend of the thd and the right cylinder | to the 


pressure at the adiaiie of Pr bend and a low pressure at the inside, ‘which . 
_ causes the mercury to flow from the left cylinder to the right cylinder. s The an 

unbalanced weight ca causes the right end of the indicator to deflect and to make 

contact with an electric: terminal, This closes an circuit which, in 


equalising the weight and breaking the “electric ‘circuit. Two indi- 


ators are used on two pumps having a discharge capacity of 1000 gal per min, 
ws, and two on two pumps having a discharge capacity of of 2 000 gal per aa 
Be each. All the indicators were installed in January, 1934, ‘and have = 


T. Mavis," Assoc. M. ‘Ax. ‘Soo. 6. (by letter)."* —A valuable sum-_ 
mary of a long series of painstaking tests in this paper. The 
authors deserve much credit for reviving the use of a bend asa flow meter and — a 
for their leadership in this particular research, which has also been included 
the programs of other laboratories i in the United 


Attention should be called to the work of other investigators who , 


made significant contributions to the investigations of the of bends: 
in pipes. The pioneer work of Weisbach” 


Associate Prof., of Mechanics and The ‘State Univ. of Iowa, Iowa 


3Lehrbuch der und Maschinen Mechanik,” yon J. ‘Weisbach, 
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MAVIS FLOW OF WATER AROUND BENDS PIPES mats 


the Nineteenth ‘Oentary is often referred to in “current hydraulic literature. 


Twenty- five years or more ago, Alexander and Brightmore" were 
in England, and Williams, Hubbell, and Fenkell,* and Schoder™ were 


making tests in this country. Among the current ‘might be men- 


tioned the names of Hoffmann” and Schubart® i in Munich, Nippert,” 
tig, and Giesecke,” and the Staff of the National Hydraulics Laboratory in 


United States. 


investigations: which could together, re- -appraised, and 


to an work on of flow of water 


MA ‘Am. Soc. and W. Lansford, Assoc. M. Am. ‘study 
- In 1916, the idea of tapping the inside 


or outside of a bend and using | the } pressure « difference i in these two points as 
a means of ‘determining ‘the flow « of water through the bend, was credited to, 


Seay? 4 which led to an “equation expressing the between the 


of the bend, 1 and of the pipe, D, as follows: 


‘was, Other dite’ and calibration of a similar 
pov were in 1914, by Mr. Levin.” 3 


The problem of the hydraulics of bends has been investigated i in some s detail 
% from. an analytical b basis.  gur Nedden has presented certain aspects of the 


= 


’ aa 13“The Resistance Offered to the Flow of Water in Pipes by Bends and Elbows,” by 
we. ee Minutes of Proceedings, Inst. C. E., Vol. 159, 1904-05, Pt. I, 
14 “Toss Pressure ‘Water Flowing Through Straight and Curved Pipes,” 
W. Brightmore, Minutes of Proceedings, Inst. C. E., Vol. 169, 1907, p. 315. riz 
oe 1s “Experiments at Detroit, Michigan, on the Effect of Curvature on the Flow - 
» @ Water in Pipes,” by the late Gardner S. Williams, M. Am. Soc. C. E., and Clarence W. 
Hubbell and George H. Fenkell, Members, Am. Soc. C. E., Transactions, Am. Boe. = ww 
16 ‘Curve Resistance in Water Pipes, by E. W. Schoder, M. Am, Soc. C. E., 
tions, Am. Soc. C. E., Vol. LXII (1909), pp. 67 to 112. 


17 “Neue Untersuchungen tiber den Druckverlust Rohrkriimmern,” von A. 
mann, Mitteilungen des -Hydr. Inst. der Techn. Hochschule, Miinchen, Heft 2, pp. 70-71, 
“Der Energieverlust in Kniestiichen bei glatter und rauher Wandung,” Ww. 
- Schubart, Mitteilungen des Hydr. Inst. der Techn. Hochschule, Miinchen, Heft 3, pp. 121-— 
144, 1929. (“Energy Loss in Smoooth and Rough Bends and Curves in Pipe Lines,” tr. 


den Stromungsverlust in Kanilen,” von H. Forschungs- 
Friction of Water in Elbows,” ™ F. EB. M. Am. Soe C. 
Soe. of Heating and Ventilating Engrs., Vol. 32, 1936, pp. 303-314. 
Transactions, Am. Soc. C. E., Vol. LXXX (1916), p. “an 
2 Journal of Electricity, Power, and Gas, San Francisco, Calif., July 22, 1911. Byes 


“Plow Metering by A. M. Levin, A. S. M. Vol. 36, 
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OF AROUND BENDS IN PIPES 


Us 
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no 


n of his ineline in particular. He calls attention 

“to the fact that a bend may differently, depending o: on whether 
the flow of the fluid through it is laminar or turbulent. He cites specifically the 

case of a bend of rectangular. cross-section the inner and outer curves of which 
were hyperbolic, as causing a lower head loss than a circular bend as long as 
the flow remained laminar; as soon as the flow became turbulent, the hyper- 
bolic bend caused a greater head loss than the circular bend. This behavior 
would t be apparent, of course, if the coefficients of velocity head, representing 


the: excess head loss’ in ‘the. bend, were plotted as a a function of Reynolds’ 
-day, it is generally recognized that in a under 

_ turbulent flow conditions, a liquid moves in a so-called “spiral” or “helical” — 


path, and that the induced currents and attendant impact are largely respon- 
sible for excess losses of head in bends. In 1902, the late H. W. Brinckerhoff, 7 
M. Am. Soe. C. E., discussing the paper by “Messrs, Williams, Hubbell, and 


7 Fenkell ‘ag explained the fact that a bend offers gre greater resistance than an equal | 


>. length of straight pipe on an hypothesis of spiral flow which he described i 
‘its essentials precisely as other writers have done. In their closing discussion, <, 
‘Messrs. Williams, Hubbell, and Fenkell replied to Mr. Brinckerhoff’s , 


time, one of [the writers] was to certain 


phenomena on the theory of a spiral motion, but in spite of attempts to locate — 
- such motion, no direct experimental evidence of its existence has yet been 


lei _ obtained, and, though the writers consider that Mr. Brinckerhoff’s theory is 


— and possibly correct, they are not prepared to endorse it.” 


Ty: “Transparent, model bends, ¢ ma as those used by the authors and Cc. A. 
Mockmore M. Am. Soe. C. E., , permit the observer to see this spiral « or helical 
flow. These transparent models have done much to create a better under- 
standing and a more intimate knowledge of the phenomena of hydraulics. 
-day, this spiral flow in bends can be observed; three decades ago, it was 
an hypothesis which eminent hydraulic ogee were t then — prepared to 


“Ti _ % “Induced Currents in Fluids,” by F. zur Nedden, Transactions, Am. Soc. C. E., Vol. 


“Flow ‘Bends of Quarter-Turn Draft-Tubes,” by C. A. Mockmore 
vil Engineering, September, 1934, p. 460. psi GF 
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D M. Soc. C. E. letter) as many ‘thou- 


road ¢ construction were and put in practice, s 80. of ‘miles 
of highways \ were constructed and improved before such principles underlying 
development were _formulated and used. _The various papers" in this 


ymposium well set forth the principles underlying ‘the use, design, and loca-. 
of street thoroughfares. The definitions contained therein will be 


material assistance to those engaged in solving traffic and vehicular transporta- i 
_ Of these principles, n now fairly well | recognized, least is known concerning 
those relating to highway financing, particularly ino urban areas. Current 
practice is, through gasoline and ‘motor- -vehicle taxes, to place the major por- 


am of ‘the cost of aan: and maintaining highways: located outside 


‘The r ‘reasons leading to the development such practices are ‘of more 


the fat ‘accruing to such property were small i in proportion t to those accru- 

ing to the users of such highways. ‘Therefore, if ‘such highways were to be 

constructed and proper standards and in sufficient number to 


‘the case of highways in urban "areas, a existed 


— Urban » property values were. many times higher than those in outside ar areas, 


‘and such properties at the outset were considered well able to bear construction _ 


and maintenance costs. During the decade, 1920-1930, which saw rising 


Nore.—The Symposium on Street Thoroughfares was published in August, 11934, 

Proceedings. Discussion on this Symposium has appeared in as follows: 
October, 1934, by H. Shifrin, M. Am. Soc. C. CREE. « 
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traffic congestion becoming a serious and, during which, many street 

thoroughfares were : developed, 1 rising prices and the general ‘real estate boom” 
throughout the count d, at the outset, an increase in property values 7 
in areas served by ‘these new thoroughfares, out of proportion to the general 
“tes in property values. change in the traveling habits of ‘the public, 
_ brought about by the increasing u use of the motor vehicle, likewise contributed — 


Sales property were made at large , more thoroughfares: 


"developed, ‘and more profitable sales were made. — No ‘objection was raised by 


"property owners to this method of financing thoroughfares because of these 
increased values or because such. costs” were largely paid by subsequent pur 


chasers” of their propert . Gradually, however, the operation of economic 
laws came into play. “The margin of profit between benefits, measured 1 in 
terms of enhanced property values, and costs charged against the ‘property 
which paid the costs were reduced and in some cases disappeared. This | 


- dition was greatly aggravated by the deflation in property values which took 7 


+ 


~The need for additional street space persisted. - Since local tax revenues, _ 


s reduced through deflated property values and burdened by unemployment relief 

measures, were not sufficient to carry the cost of providing this additional 

"street space, a demand arose for a greater allocation of gasoline and Kepeaag 

vehicle tax revenues to ‘urban highway construction and maintenance. 

The problem of highway financing has four phases: (1) The determina- 

2 tion of the different. interests benefited by ‘the construction and continued 

Mi operation of the highway; (2) the ‘evaluation of the benefits accruing to aa 


of the interests thus benefited; (3) the allocation of 


and maintenance costs among the benefited interests in an equitable man- 


and the. development of a method of collecting such costs from 


following principles” ‘should be observed as controlling in any pol 
“of highway financing, whether it apply to urban « or “outside highways: 
(a) ‘The ‘benefits: received may be direct | or indirect; ‘the benefits must 
_ ultimately b be expressed i in terms of dollars ond cents; (ce) the costs should be 
whe 
allocated in proportion to, but must not exceed, the benefits derived ; (d) the b 
ssn should be within the ability of the benefited — interests to pay; and, 
 (e) the method of collecting such costs must be simple and practical, yet a 
sufficiently | equitable a as to meet with popular approval and support. 
_ The problem: does not admit of an exact solution, but t an 
may be developed. interests benefited fall into the following 
classifications: Users of the highways, principally p passenger om 
mercial motor vehicles; (2) property served by the highways, including 
@ property abutting the highway; (b) property in an area adjacent to the 
_ highway, but not abutting thereon; and (c) a larger area within the com-— 
_ munity which i is indirectly served and, therefore, benefited. _ rein 
The | gasoline ‘and motor-vehicle tax | appears to be accepted ’ as 
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of its approximate equity and it ease of collection. end ‘ial large inroads are 


vi made upon these revenues, for urban highways an and for other purposes, this ¥ 
method will probably continue to prove satisfactory for future needs. 


as 


i” sound ‘principles for financing these ‘thoroughfares i is the ¢ crux x of the entire — 
problem. The writer agrees recommendation the Committee 
‘that ‘ ‘a new type of street for automobiles i is now needed in some cases, ~ 


will, soon ‘be needed but does not that such new type o 


- must be ule in a more scientific manner. ¥ The heciegmen and d application of =| 


and construction costs should be considered separately i in assessing benefits and 
damages. This principle appears in the report to be based ‘upon the idea 
that, | since inadequate rights of way were dedicated by the original owners 
ey az of property, their successors in interest should bear the burden of ‘rectifying 
this mistake. “Such ‘inadequate rights of way were dedicated because 
one asked for adequate tights of at the time of dedication, in the 
of the older streets, and probably public authorities at the had 
4 no conception of present tr trafic congestion, or could have asked - intelligently 


requested, ‘such right of way had they so desired. 


al During the years, 1927 to 1930, the Los Angeles (Calif. ) Board of Planning 

Commissioners reviewed approximately a thousand subdivisions. Practically 
every -subdivider was quite willing to dedicate street space of dil: width 


= in ‘Proper: location when asked to do so. To place the burden of rectify- 


7 


ing past ‘mistakes of. previous owners upon existing 0 owners, when such past | 

a mistakes e unconsciously made, appears to be an unfair principle. If a 

’ 4 fair and equitable method of ascertaining benefited interests and of evaluat- 


ing benefits accruing is developed, there will be, no need of co idering, 


se arat ly, r ht- of-wa and construction costs. 
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Report of Tellers 01 onS Second Bal Ballot for Official naa 


AMERIOAN Sociery OF ENGINEERS: 


“The Tellers s appointed to canvass the Second Ballot for Oficial 


‘ follows: 


“Total number of ballots 


Ballots: members in arrears of dues. 


Vice-President, Zone III: 


tor, Dati 3: “For Director, District 
Me 


Charles W. Kutz............. Crawford... 


Blank . 


“ 


REED KENDALL, — 


JoHN J. COPE, 
F, A. ROSSELL, 


e — 
f Nominees report — 
Ballots from members voting from wrong district il 

Dir 
tdwar . Sarg = cere, 
| 
T4000 
y “For Director, District 16: 
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The Constitution provides that ‘the Board of Direction shall ‘elect or reject 


all applicants for Admission or for Transfer, and, in order to determine justly a 


the eligibility of each candidate, the Board must depend largely upon the 


i 


‘This list is issued to members in every eases for ‘the | purpose of securing 


all such available information, and every member is urged to scan carefully 
each monthly list of candidates and to furnish the Board with data in regard — , 
to any applicant which may aid i in determining his eligibility. It is the Duty 7 


of all Members to the Profession to assist the Board in this manner. 


is “especially urged, in ‘communications concerning applicants, that 


Definite Recommendation as to the Proper Grading in Each Case be given, 


inasmuch: as the grading must be based upon the opinions of those who’ know 


“the applicant personally as well as upon the nature and extent of his pro 


fessional experience. If facts exist. derogatory to the personal character or 

to the professional reputation | of an applicant, they should be promptly com- _ 

municated to the Board. “Communications. Relating to. Applicants are con-_ 


The Board of Direction will “consider the applications herein con- 


from residents of North America until the expiration of thirty (30) 


_ days, and from non-residents of North America until the explain of ninety 
MINIMUM REQUIREMENTS FOR ADMISSION 


Qualified to design as well as to- years 5 years of 5 years of im- 


direct important work | portant work 


a Member |_ to direct work 27 years  Syears* 1 year 


Qualified by scientific acquiree {| = | 
iate ments or practical experience 35 years 5 years of rk 


& Contributor to the permanent 


Junior ih Qualified for eub-professional 
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The fact that applicants | give the names of certain members a as references 


not necessarily mean that such members endorse, 

at FOR ADMISSION NEW 


ANDERSON, seus Alto, GLENDENING, PAUL FREDERICK, Globe, Perr 
(Age 35.) Director of Public Utili Ariz. (Age 24°) Constr. Inspector, ‘Arizona Roel 
4 ties and Chf. Deputy City Engr. Refers Highway y tr _ Refers to E. S. Borgquist, NOY! 
to J. F. Byxbee, BE, L. Grant, C. D. Marx, C. Kelton, E. V. Miller, J. helt. “Crue 
H. Merrill, Moser, W. Putnam, L. F. Rath, E. R, Stapley. 
Reynolds, Thomas, C. B. Wing. GRAVES, QUINTIN BRANSON, Knoxville, | Mex 
BESSON, FRANK SCHAFFER, Jr., Cam- Tenn. Age 29.) Instructor, Uni v. of Ten- M. 
bridge, ‘Mass. (Age 24.) Graduate student hessee. Refers to N. W. Dougherty, F. W. 
Civ, Massachusetts Inst. Epps, B. J. Waterman, § PAL 
Refers to L. Daley, C, Le M. Woodward. Ohi 
Young. GRIFFIN, GUY EBEN, Cos Cob, Conn, | 
BOYSEN ALBERT PETER, Elmhurst, (Age 35.) San. Engr., Sewer Comm., Town 
 U. (Age 39.) With American Bridge of Greenwich. Refers to H. burden, lanc 
Chicago, Til, Refers to F. W. Dencer, S. Chase, 8. M. Elisworth, G. M Fair, | PEN 
C. Hunter, F. R. Judd, B. G. Leake, a A. L. Fales, C. W. Sherman, A. D. Weston. 30.) 
iL Penn, A. F. Reichmann, C. E, Webb. " JONAS, FREDERICK, New York City. | We 
BRESLIN, THOMAS, "Orchards, Johannes- - (Age 33.) Refers to R. E. Goodwin, F. 0. to 


‘burg, South Africa. (Age 387.) _ ‘Structural X. MeLoughlin, fiel 


Ong. Asst., Rand Water Board. Refers JORD AN, THOMAS AND Ro: 
to H. J. Collins, L. A, Mackenzie, W. G. (Age 53.) Chf. POP 
Sutton. | (Applies in accordance with Sec. oe Bridge Co. Refers to A. A. Casani, F. W. 25.) 
1, Art. I, of the By-Laws.) cr yo Dencer, C. J. Kennedy, R, Khuen, Jr., H. of 


BROWN, ANDREW ROY, Tuscaloosa, Ala. Penn, A. F. Reichmann, C. Webb. Gel 
(Age 52. ) Chf. Engr. and Gen. Supt., KELL ow, GAY LORD ARMAND, Cresco, 
£ W. Gwin Co., Inc., Gen. Contrs. Refers” Iowa. (Age 23.) Refers to J. W. ae wy 
Everham, J.’ P. Ewin, G. Gilchrist, R. Kittredge, J. Lambert, F (At 
. V. Hanna, E. E. Howard, 'H. P. Tread- Mavis, = Watts, Cc. Cc. le: 
CHARLES F rancisco, Cal. (Age 24.) Designing 
SS ark, Wyo. (Age 33.) Project Eng. Office of Clyde C. Kennedy. 
Ongr., U. Bureau of Public Roads. Refers to C. G. Hyde, E. A. Ingham, J. J. 


Refers to H. A. Alderton, Jr., A. C. Bux, ds Jessu E. ing 
J. O. Hunt, C. E. Learned, A. C. Stiefel.” eeewe] Kelly, y 1 


CARLSON, =FRANK BOWERS, Fargo, «KETC Peck, Me 
N. Dak.’ (Age 27.) Camp Supt., under_War Dept., En r. Office, Ft 
“gency Conservation Works, Williston, N. Peck Dist. Refers Holand, M.S. 


Dak. Refers to C. Johnson, R. E. Ken- > 
‘nedy, R. A. Pease, W. H. Robinson, W. B. “Strand Stadtfeld, 


Smith, L. C. Tschudy, D. L. Yarnell. Me 


_ KUMPE, GEORGE, Cambridge, Mass. (A 
CONNELL, HARRY HUBERT, Salina, § ) GEORGE, ge ‘Civ. | 
‘Kans. (Age 37.) Associate Engr., Wilson Massachusetts Inst. of Technology. Refers 


Eng. Co., Cons Engrs. Refers to L. E. ‘to P. G. Burton, R. C. C r B.C. D 
Conrad, F. F, Frazier, C. R. Hatfield, Palson, 


M. — A. String: -KURTTILA, GEORGE HENRY, Gladstone, M 
Mich. ‘(Age 29.) Inspector, U. 8S. Engrs., fo 
' de CHELMINSKI, VLADIMIR, Ocumare de Duluth, Minn. Refers to H. B. Pettit, 
Costa, Venezuela, S. A. (Age _ 34.) ow. C. Polkinghorne, R. C. Vogt. 
Engr., Ministry of Public W orks of Vene-- 
zuela. Refers to J. J. Collins, R. IRVING JOSEPH, Brooklyn, N. Y. 


McMe (Age 38.) Refers to G. Berry, T. B. a 
Brogan, H. P. Hammond, J. C. O'Dea, L. 
‘ = Rader, E. J. Squire, W. R. Tenney. 
DYER, WESLEY HALLIBURTON, Nash- 

ville, Tenn. (Age 26.) Estimator, Nash- LARSON, EVERETT HARMON, Big 
-* ville Bridge Co. Sw « to L. C. Anderson, Wyo. (Age 23.) Jun. Topographic Engr., 


ys Coolidge, A. J. Dyer, H. B. Dyer, oo, S. Geological ‘Survey. ‘Refers to G. D. & 

J. Lewis, H. McDonald. H. H. Hodgeson, O. W. Israeleen, 
«EARNEST, GEORGE BROOKS, Cleveland . 
Ohio. (Age 82.) Instructor in LEWIN, HAROLD ANDREW, Brooklyn, @ 
efers to arnes, } rown st anc yey. 

“N. Y¥.” (Age 29.) Asst. Engr, LOCRAFT, BERNARD FRANCIS, Washing- 4 
“Dept. of Public Welfare, With James ( 
L. Walker. S. Rich, A. Scullen, G. B. Strickler. 
CHARLES NELSON, Hampton, MeMINN, FRED FRANCIS, Cincinnati, 
Va. (Age 26.) Instructor in Steel and ‘Ohio. (Age 48.) Asst, Commr. of 
i Concrete Design, Dept. of Bldg. Constr., City of Cincinnati, Ohio. Refers to J. , 
Inst. Refers to H. W. Brown, Biedinger, W. W. Carlton, H. _ 
M. Gram, L. C. Maugh, R. H. Sherlock, . L. Raschig, J. Root, E. ‘Ruth, 
J. A. Van den Broek. . Stegner. 
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MORSE, FRANKLIN, Manhattan, van_ LOBEN SELS,  MAURITS JUST, Vor- 
Kans. (Age 36.) Asst, Prof. of Civ. Eng., den Cal. , “Age 2 Refers. to N. W.~ 
Kansas State Coll. Refers to T. R. Agg, — ner, E. § 

Vv. V. Buck, L. E. Conrad, F. Frazier, 
H. Fuller, R. BL Wills, Wilson, 
FRANCIS, Scranton, J. H. Dorroh, H. C. Neuffer, 
4 (Age 2% efers to 4zohr, L attery. 
Roehrig, F. W. Silantz. bans, N. ¥. (Age 41.) Res. Engr.- 
NOYES, JOHN RUTHERFORD, __ Las Public Works Administration, 


Age 28.) Surv ‘Dist. 


Cruces, Mex. (Age 32.) Lieut., ‘York City. Refers to L. Costello, D. B 
U. S. Army; Instructor of Engrs., New Fegles, S. T. Goldsmith, W. D. Kramer 
Mexico National Guard. Refers to S. Macdonald, H. S§S. R. McCurdy. 


M. Baker, F. A. Barnes, M. Wiliott, W. L. 
Holmes, A. W. Sargent, J. G. Steese. §_WINFREY, ROBLEY, Ames, Iowa. 
Bulletin Editor and Research Engr., 
PALOCSAY, FRANK STEVE, Clevelanc En Nxperiment Station, Iowa State oat 
Ohio. (Age 82)" Inspector, U. 8. “Refers to R. W. Crum, A. H. Fuller, 
land, G. P. Springer, R. B. Wiley. CA oF ‘ly 
PENNA, NICHOLAS, Harrison, N. Y. - , (ABe of. es. Engr.-Inspec 
30.) ‘ent. of Party, County Engrs. 4 A. New York City, Refers to C. 
Westchester, White Plains, N. Y. Refers (Crandall, M. E. _C.,8. Gleim, G. 
to BE. Anderberg, J. Barnett, C. Lucas, A. I. Raisman, G . S. Reeves, C. B. 
Rosenberg. WOFFENDEN, JOHN BERNARD, Port-— 
POPPER, WIL ILLIAM, Oakland, Cal. (age Ore. (Age 46. ) Senior Draftsman, 
5.) Jun. Bridge State U. S. Engrs. Refers to L. Brown, W. N. 
of California. Refers to J. Cherno, H. G. Carey, H. C. Corns, G. M. Garen, 8. C. 
Gerdes, J, W. Green, B. M. Shimkin, C. L. Godfrey, K. V. Jones, H. A. Rands, ¥.. ©. 
RHINE, JACK BERTRAND, Houston, Tex. WORTH, HENRY NORMAN, Colombo, Cey-— 
(Age 24.) State Inspector on construction, lon. ‘(Age 49.) Chf. San. Ener., ‘Dept. of 
‘Texas Highway Dept., Div. 12. Kefers : ‘Medical and Sanitary Services, Ceylon. 
Bc, Bantel, Refers to G. M. Fair, H. F. Ferguson. (Ap- 
Finch, J. A. Focht. in accordance with Sec. 1, Art. I, 
ROBINSON, BENJAMIN Ne She By-Lawaej 
York City. (Age 20.) A. WYATT, W ENDELL | CHAMBERS,  Pitts- 
SEERY, JAMES DANIEL, Fruitland, N. Kansas. Refers to 
“Mex. (Age 25.) Surveyor, Dept. of Indian Bradshaw, J. Jones, 
Affairs, Sth Irrigation Dist. Refers ‘Ste cNown, F. A. Russell, J. W. 
J. H. Dorroh, H. C. Neuffer, R. H. A. ea 
Rupkey, F. Ww. Slattery, A. N. Thompson. , Bang- 
Santa Fe, N. 0K, Siam (Age Asst. Engr. and 
Engr., U. ‘Constr. Hngr., Dept. of Royal State Rys. 
Refers to P. Fox, of Siam. Refers to T. M. Bhiromya, J. 
Harvey, B. Johnson, G. D. Macy, W. iE Husband. (Applies in accordance with 
SMITH, NEAL DEFFEBA ACH, _ Banning, ZOKOVETZ, NIHKOLAS GEORGIEVICH, 
Cal, (Age 32.) Asst. ‘to Constr. Engr., Leningrad, U. S. S. R. (Age 34.) Supt. 
Metropolitan Water Dist. of Southern Cali, = Constr. on metallurgical works, Indus- 
‘ferala. Refers to G. E. Baker, J. B. Bond, trial Construction Trust (C ompany).  Re- | 
W. L. Chadwick, R. “B. Diemer, B. ” fers to F. M. Dawson, A. L. Gram, H. F. 
‘Eddy, Stearns, BE. Whittier. Janda, F. E. Turneaure, F. Van Hagan. 


We 


FROM ‘THE GRADE OF ASSOCIATE MEMBER 
AMES, Assoc. M., GRANGER, ARMOUR TOWNSEND D, Assoc. 
Grand Rapids, Mich. (Elected June 7, York City. (E lected July 6, 

Kimball Co., Gen. Bldg. Contrs. Refers to Refers to E. C,H. Bantel, S. P. Finch, 


L. B. Ayres, M. Cooley, G. H. Fenkell, . , Fi 
W. Goddard, R. H. Merrill, H. B. Riggs, Howard, Ht, Needles, Tam: 
J. R. Rumsey, C. S. Sheldon. taylor Wickline, 


BORNEFELD, CHARLES FOWLER, Assoc. ARDSON, Assoc. 


M., Baltimore, Md. (Elected Junior May “Associate of John Nolen, 


31, 1910; Assoc. M. Jan. 15, 1 

-Maryiand. Refers to F. H. Dryden, L. Randa’ M. Lewis, 
Fuller, E. P. Hamilton, E. H. Harder, we 

Mueser, L. Thomsen, G. W. . Whiting. HEYMAN, W 

CHIPMAN, PAUL, Assoc. M., Highland M. March 4. 1918.) (Age 49.) Pres 
Park, Mich. (Blected Oct. 2, 1907.) (Age and’ Works” Mer., 19 tie 
5 Office Engr., Pere Marquette Ry. man Co. Refers to C. Goodman, J. 
Refers to F. H. ‘Alfred, M. 8S. Ketchum, Hogan, A. I. Raisman, R. Ridgway, o. Bs 
Michel, H. Riggs, A. N. ‘Talbot. Sanborn, Serber, L. White. 
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KEREKES, FRANK, Assoc. M., Ames, REILLY, ANTHONY RAUEN M., 
Iowa. (Blected Junior June 6, 1921 Reading, (Elected Junior 
Assoc. M. March 16, 1925.) (Age 38.) Prof. 1920; Assoc. M. Nov. 14, 1927.) (Age any 
of Structural Eng., lowa State Coll. ee: Chf, Engr., Purses of Water. Refers to 
fers to T. R, Agg, L. BH. Conrad, S. Beal, Dennett Glace, H. 
Finch, P.- A. Franklin, A. Fuller, Moses, "Reeder, W. L. | Stevenson, 
X. McLoughlin, A. Marston, A. _Reich- G. F. Wieghardt. 


mann, D. B. 
N, UIS AN * ssoc. town, Pa. (Blected Junior May 38, 1923; 
‘Ste. Marie, Mich. lected March Assoc. M. Oct. 14, 1929.) (Age 36.) Dist! 
1929.) (Age 43.) County | _ Kngr.-Mgr., — Bridge Engr., Pennsylvania Dept. of High. 
Chippewa County, Mich. Refers to J. H. Refers to S. Eekels, T. C. Frame, 


Bateman, C. M. Cade, G. C. Dillman, I. De- “W. Jackson, D. Kippel, R. B. K 
Young, C. A. Melick, L. J. Rothgery, L. C. treage, F. M. Masters, Ht. Modjeski, L. a 


“LOWE, THOMAS Shirey, G. B. Woodruff, 8S. M. Woodward. § 

Gainesville “Fla. (Blected Jan. 26 1931.) POLLOCK, JAMES RANDALL, Assoc. M., 

38.) Ashociate: Prof. of Civ. Flint, Mich. (Elected May 8, 1922.) (Age 
of Florida. Refers to G. BE. Barnes, 7 41.) Director of Public Works and Utili- 

c EB. Breed, C. C. Brown, F. M. Dawson,’ ties. Refers to W.:Bintz, S. A. Greeley, 

Fineren, H. D. Mendenhall, H. J. W. C. Hoad, B. D. Rich, H. EB. Riggs, BE. 


3 


— 


4 
BRIELMAIER, __ ALPHONSE ANTHONY, gam, w. Scott, J. 8. 
3 Jun., Galena, Ill. (Elected July 16, 1928.) Shute, Stevens, S. M. Swaab, =. 
oil Brosion Prevention. Refers to - MeLEAN, WALTER REGINALD, Jun., San 
Boldt, Cross, J. C. - Leandro, Cal. (Blected July 14, 1930.) 
ington, EB. wad ‘(Age 31.) Asst. Engr., East Bay Municipal 
Richart. Utility Dist., Oakland, Cal. Refers to J. 
CARMICHAEL, DAVID ‘WATSON, ‘Jun. DeCosta, "A. D: Edmonston, Cc. E, Grun- 
Yorktown > Heights, N. (Elected Nov. _ sky, Jr., F. W. Hanna, R. C. Kennedy, 


14, 1927.) (Age 32.) Engr. with 8. Longwell, ‘Macdonald. 
James C. Harding, Cons. Engr., Mt. Kisco,’ wURPHY, LAWRENCE PATRICK, Jun, § 
N. Y. Refers to G. E. Barnes, W. Gavett, Peoria, Ill. (Elected May 25, 1931.) (Age § 
Harding, G. Manahan, L. G. Rice. $2.) Asst. Civ. Engr., U. S. Engr. “Office. 
Louis, Jun., York City. Refers to C. R. Andrew, Beechley, 
(Dlected Nov. 23, 193i.) (Age 31.) Asst. Connolly, ‘Doland, Ww. Hunts 
Engr. (C. W. A.), Park Dept., New York ington, H.’Rayner, J. W. Woermann. 
City. Refers to W. F. Barck, J. Car- RAWHOUSER, CLARENCE, _Jun., Denver, 
P. D. G. Hamilton, L. Hussey, G. Ww. _(Blected Nov. 10, 1930.) (Age 32) 
Knight, B. Wuth, == == Asst. Engr., U. 8. Bureau of Reclamation. 
_ KLEGERMAN, MORRIS | ERMAN, | Jun, Refers to R. A. Anderegg, J. A. Beemer, Be 
x New York City. (Blected Oct. 1, 1928.) J. J. Hammond, H. B. Luther, A. Ruett-. va 
(Age ‘Project Engr. with Alexander «gers, J. Savage, B. W. Steele, R. D. 
Potter, Engr. "Refer8 to T. R. Welsh, W. S. Winn. 
Camp, 8. G. Hess, J. L. Lenox, A. Potter, SCHEGOLKOV, VICTOR K., Jun., Seattle, a 


(Elected Oct. 14, 1929.) (Age 32.) 

EDWARD FRANCIS, Jun. Los Structural Draftsman Isaacson 
; Angeles, Cal. (Elected April 23, 1928.) Works. Refers to G. BE. Hawthorn, R. P. 

BY (Age 33.) Jun, Civ. Engr., City "of Los — Hutchinson, J. W. Miller, C. C. More, R. a 

Angeles. Refers. to F. Bates, R. M. Fox, Tyler. 
F. M. Hines, L. C. Mayer, C. J. Shults, wWwiINTER, CARROLL CORNELIUS, Jun. 
Van Goens. Branciseo, Cal. (Elected Oct. 14, 1929.) 
LOUCHHEIM, WILLIAM SANDEL, Jun., (Age 29.) Associate Bridge Constr. Engr., fe 
Philadelphia, Pa. (Elected June q, 1926.) AR Bridge. Dept., State of California. Refers 
(Age 29.) Vice-Pres., Keystone ver “to Andrew, H. J. Brunnier, J. W. 
‘Refers to G. H. Biles, Harding, &. Jahistrom, 
Brown, R. Farnham, H. S. Hipwell, Ww. Panhorst, H.. M. Smitten, G. 
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